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Acute Kidney Injury in A Female Patient
with Pulmonary Embolism (Clinical Case)

Peslome

MpeacTaBneH KAVHUYECKWIA CayYail, MOCBALLeHHbIN TPOM603ME0AMM ierouHoi apTepum (TDJ1A) BLICOKOTO pUCKa y 74-N1eTHel NaumeHTKU, OCI0XK-
HEHHOM pa3BuTMeM OCTpOro nospexaeHns nodek (OMMM). B ctaTbe paccMaTpuBaloTCA MaHUdeCTauus, KIMHUYeCKMe, ANAarHOCTUYECKMe U Tepanes-
TUYeCKMe acneKTbl BeAeHWA nauneHToB ¢ TDJIA, BKAtoYas npvMeHeHne TPOM60M3MCca U aHTUKOArynsaHTHoM Tepanun. OnumcaHbl KAMHUYeCKue npo-
ABNI€HNA 3a60/1€BaHNA, BK/IIOYaA BbIPAXKEHHYIO OBILIKY, C1a60CTb, OTEKN HUXKHUX KOHeYHocTel. TeyeHne TIJIA ocnoxHunocb passutmem OIM,
YCTaHOB/IEHHOMO MO O/IMTYPUUN U BbICOKOMY YPOBHIO CbIBOPOTOYHOIO KpeaTuHMHa. [peacTaBneHbl gaHHble 1ab0paTOPHbIX U MHCTPYMEHTa/IbHbIX
Nccaes0BaHNM, AEMOHCTPUPYIOLWME AMHAMUKY BOCCTAHOBAEHMA GYHKLUM MOYeK Noc/ie NpoBeAeHHOro evyeHns. OroBapuBaeTcs BO3IMOXHasA po/b
BPOXAEHHOW aHOManMU pasBuUTMA (areHesnu) NeBoil NOYKM Y MALMEHTKM, KaK YCI0BUA npeapacronoxeHHocTv k OMM. MNpuBoAATCA OCHOBHbIE
cBeeHuns o natopusmonornyecknx mexanmsmax ONMM npu TIJIA. Ob6cyxgaeTca BAMAHME OCTPON NPaBOXeNYA04KOBOM He0CTaTOYHOCTH, KOTO-
pas NpUBOAUT K MOBbILIEHWNIO LLeHTPa/IbHOro BEHO3HOr O aB/1eHUsA, MaCCUBHOM NOYEYHON rMnepeMmn, yBeIM4eHNIo MHTEPCTULMA/IbHOTO JaBneHuns
1 OTEKY MHTepCTMUMA noyeK. B passutum OFM BbIAENAIOT TaKXKe CHUXEHWE CepAevHoro Bbibpoca ¢ nocnegyouieit runoneppysmein noveyHom
napeHxuMel. MonaratT, 4To conyTcTBYOWMe 3ab0N1eBaHNA, TaK1e KaK caxapHblii gnabeT, apTepuasibHas runepTeHsns, XpoHnyeckas 601e3Hb no-
Yek, ABNAOTCA Kak pakTopamu pucka passutma ONMM, npegpacnonaratolMMm K NOBPEXAEHUIO NOYeK B YCNOBUAX TAXKENOrO reMojMHaMUYeCcKoro
cTpecca, Tak 1 pakTopamu, ycyrybasiowmmm noveyHyo AnchyHKLmio npu runonepdysnm n 3actoriHol Hepponatmumn. Ocoboe BHUMaHUe yaeneHo
BanaHUo OTM Ha nporHos T3JIA. ABTOpbI AeNatoT BbIBOJ O HEO6XOAMMOCTN KOMM/IEKCHOTO MOAX0AA K OLleHKe COCTOAHUA 60abHbIX € TDJIA, Mo-
HUTOPUHIY NoYeyHon GYHKUMM U pa3paboTKe MHAUBMAYa/IbHBIX TepaneBTUYeCKMX CTpaTernin A MUHUMU3ALUM PUCKOB MOBPEXAEHUA MOYeK.
CraTbs NoA4epKM1BaeT 3Ha4NMMOCTb CBOEBPEMEHHOrO BMeLlaTeNbCTBa U AnddepeHLMpoBaHHOM TaKTUKN Ie4eHnA naumeHToB ¢ TSJIA u conyTcTBy-
towmnm OMMM.

KnroyeBbie ca10Ba: seHosHble MPoM603MBOAUYECKUE OCAOKHEHUS, MPOMB03MB0AUS N1€204HOU apmepul, QUazHOCMUKa, NeqeHue, KAUHUYeCKas
KapmuHa, 0Cmpoe NoBpexKO0eHUe NOYeK, OCN0IKHEHUS

KoH$pAMKT nHTepecos
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NcTouHnku prHaHcupoBaHus
ABTOPI:I 3anB/1A10T 06 OTCYTCTBUN ¢VIHaHCVIPOBaHVIFI npu nposejeHnn ncciegoBaHna

CooTBeTCcTBUE npuyHUMNaMm 3TUKU
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Abstract:

The article presents a clinical case of high-risk pulmonary embolism (PE) in a 74-year-old patient complicated by the development of acute kidney
injury (AKI). The article discusses the manifestations, clinical, diagnostic, and therapeutic aspects of managing patients with PE, including the use
of thrombolysis and anticoagulant therapy. Clinical manifestations of the disease are described, including severe shortness of breath, weakness,
and swelling of the lower extremities. The course of PE was complicated by the development of AKI, established by oliguria and high serum
creatinine levels. The data from laboratory and instrumental studies are presented, demonstrating the dynamics of recovery of kidney function
after treatment. The possible role of congenital malformation (agenesis) of left kidney in the patient as a condition of predisposition to AKI is
mentioned. The basic information about the pathophysiological mechanisms of AKlin PE is presented. The effect of acute right ventricular failure,
which leads to increased central venous pressure, passive renal hyperemia, increased interstitial pressure, and renal interstitial edema, is discussed.
In the development of AKI, a decrease in cardiac output is also distinguished, followed by hypoperfusion of the renal parenchyma. It is believed
that concomitant diseases such as diabetes mellitus, arterial hypertension, and chronic kidney disease are both risk factors for the development
of AKI, predispose to kidney damage under severe hemodynamic stress, and factors that exacerbate renal dysfunction with hypoperfusion and
congestive nephropathy. Special attention is paid to the effect of AKI on the prognosis of PE. The authors conclude that an integrated approach
is needed to assess the condition of patients with PE, monitor renal function, and develop individual therapeutic strategies to minimize the risks
of kidney damage. The article highlights the importance of timely intervention and differentiated treatment tactics for patients with PE and
concomitant AKI.
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PE — pulmonary embolism, AFib — atrial fibrillation, CKD — chronic kidney disease, CVP — central venous pressure, RR — respiratory rate, HR — heart
rate, ECG — electrocardiogram, EchoCG — echocardiography

Introduction
approximately 80,000 new VTE cases are reported

Venous thromboembolism (VTE), including deep
vein thrombosis and pulmonary embolism (PE), are the
third globally prevalent acute cardiovascular syndrome
(after myocardial infarctions and strokes) [1-3]. It is
very hard to define an accurate number of VTE cases,
accounting for the fact that the major proportion of
events remains undiagnosed [4]. 375,000-425,000 VTE
cases are reported annually in the USA, not including
undiagnosed and untreated cases [1, 3, 5, 6]. Accord-
ing to the US National Registry, PE incidence increased
from almost 60,000 (23 per 100,000 people) in 1993 to
202,000 (65 to 100,000 people) in 2012 [7]. Empiric esti-
mates of annual PE incidence in European countries
range from 15 to 16 per 100,000 population [8]. Accord-
ing to the Ministry of Health of the Russian Federation,

annually in Russia, while the PE incidence is 35-40 per
100,000 people, i.e. 51,000-58,000 cases per year [1, 9].

Despite the fact that hospital mortality in acute
PE reaches 9-15%, 30-day all-cause mortality among
patients with a high-risk PE ranges from 40 to 65%
[1, 3, 10]. The pulmonary artery obstruction significantly
impairs the pulmonary blood flow and gas exchange.
Depending on PE severity, right ventricular (RV) post-
load increases, right heart chambers dilate with the
development of tricuspid regurgitation, increased ten-
sion of right heart chamber walls, and increased central
venous pressure (CVP) [2, 11].

Due to high CVP and macro- and/or microcircula-
tory renal hypoperfusion, PE is often complicated by
the acute kidney injury (AKI), which is accompanied
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by the unfavorable prognosis even with mild and revers-
ible renal dysfunction [12, 13]. Despite a relatively high
PE incidence, the issue of acute renal dysfunction is not
sufficiently analyzed, and we have considered it interest-
ing to demonstrate a case of reversible AKI in the setting
of PE.

Clinical Case Report

Patient Information

The female patient V., 74 years old, was hospitalized
into the cardiological department of the Central City
Clinical Hospital No. 1 (Donetsk) on January 14, 2025.
Upon admission the patient complained of severe dys-
pnea at rest worsening with minimum physical exertion,
significant general weakness, edema of thighs, legs, and
feet. The patient also noted the decreased urine output
within the preceding several days (“about a glass daily”).

Medical history. Within 15 years she periodically suf-
fered from pressure-like pain in the precordial region
during physical exertion and blood pressure (BP) eleva-
tion to 200/100 mm Hg. She was followed up in the out-
patient setting concerning the coronary artery disease
(CAD), essential hypertension (EH); she did not take the
recommended therapy regularly, although she used enal-
april during BP elevation episodes. The patient reported
that her usual BP values were 160-170/90-95 mm Hg.

Her latest exacerbation emerged on January 9, 2025,
when significant dyspnea, general weakness, hypoten-
sion (100-80/70-50 mm Hg) emerged; the patient called
the ambulance several times, but refused to hospitalize.
On January 14, 2025 her dyspnea worsened, she again
called the ambulance and was hospitalized into the car-
diological department at 12:55 p.m.

History: in 1986, during the elective ultrasound
examination of the abdominal cavity, the patient was
diagnosed with a single right kidney, and the diagnosis
of congenital unilateral agenesia of the left kidney was
established.

Physical examination: severe condition. The patient
was alert and oriented in herself, time and place. Normal
constitution, overweight. Peripheral lymph nodes and
the thyroid gland were not enlarged. Pupils: D=S. Skin
and visible mucous membranes were clean. Moderate
cyanosis of lips. SpO, 95 % on room air. Respiratory rate
(RR) 22-24/min. Chest percussion demonstrated the
pulmonary sound over the whole lung surface; during
lung auscultation, vesicular breathing with no rales
was detected. Relative cardiac dullness borders: left —
shifted 1.5 cm outwards from the left midclavicular line;
right — 0.5 cm outwards from the right sternal border;
upper — 3rd rib. Regular heart rhythm was auscultated
with muffled heart sounds. Heart rate (HR) 65/min, BP
120/70 mm Hg. During palpation, the abdomen was soft
and non-tender, but enlarged, with the dull percussion

sound in the flanks. The bowel palpation was difficult
due to a significant amount of subcutaneous fat. The liver
protruded 2 cm from under the costal arch. Kidneys and
the spleen were not palpable. Symmetric soft edema of
thighs, legs, and feet.

Electrocardiogram (ECG) (January 14, 2025): regular
sinus rhythm, heart rate 60 min™. Right axis deviation (a
angle: +106°). SQ T . sign, negative T waves in II, III,
aVE V -V, (Fig. 1).

Common blood count (CBC): Hb 73 g/L, RBC
4.08x10"%/L, Ht 25.2% (36-45%), mean corpuscular
volume 61.8 fL (80.0-96.1 fL), mean corpuscular hemo-
globin 17.9 pg (27.5-33.2 pg), mean corpuscular hemo-
globin concentration 29% (33.4-35.5%), RBC distri-
bution width 21% (11.5-14.5%), platelet crit 0.213 %
(1.0-10.3 %), CI 0.56 (0.85-1.0). Other CBC parameters
were within reference ranges.

Biochemistry panel: total protein 58 g/L (65-85 g/L),
urea 20.5 mmol/L (2.5-8.3 mmol/L), glucose 7.1 mmol/L
(3.38-5.55 mmol/L).

Coagulation panel: prothrombin time (PT) 17 sec-
onds (13-17"), prothrombin index 80% (80-100%),
international normalized ratio 1.31. Semi-quantitative
D-dimer test: positive.

Cardiac markers: troponin I (¢Tnl) (January 14, 2025;
1:10 p.m.) 12 ng/mL (<0.2 ng/mL).

Amino-terminal fragment of brain natriuretic pep-
tide (NT-proBNP) 1056 pg/mL (<600 pg/mL).
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Figure 1. Electrocardiogram on the day of admission
(14.01.2025). Description in text
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Based on the aforementioned complaints, his-
tory, physical examination, laboratory tests, and ECG
changes, the following preliminary diagnosis was estab-
lished: 1) CAD: Acute non-ST elevation acute coronary
syndrome (January 9, 2025; based on the history). Heart
failure (HF), Stage I, with the undetermined left ven-
tricular (LV) ejection fraction, functional class I'V. Stage
II, Grade 3 essential hypertension, risk of cardiovascular
complications 4 (very high). 2) PE (January 9, 2025).

Concomitant diseases: Congenital unilateral agene-
sia of the left kidney.

The following treatment was administered upon
admission: enoxaparin 60 mg subcutaneously twice
daily; furosemide 40 mg intravenously once (since Janu-
ary 15, 2025 — furosemide 20 mg in the morning and
afternoon); dexamethasone 8 mg intramuscularly once;
spironolactone 25 mg in the afternoon; atorvastatin
40 mg in the evening; acetylsalicylic acid 100 mg in the
evening; clopidogrel 75 mg in the morning; omeprazole
40 mg in the morning, 30 minutes before meals.

Next day (January 15, 2025), by 6:00 a.m. no diuresis
was reported since the previous evening (for 10 h), and
the patient’s condition worsened (dyspnea worsened,
the saturation and BP decreased). Physical examina-
tion: very severe general condition. The patient was alert
and oriented in herself, time and place. Significant dif-
fuse cyanosis. RR 34/min; the patient lies supine with
no orthopnea; body temperature 36.5 °C, SpO, 85%
(on room air), 95-96 % (with O, inhalations). Regular
heart rhythm with muftled heart sounds. HR 60/min, BP
80/50 mm Hg. The abdomen was soft and non-tender
on palpation; due to the severe patient’s condition, the
detailed palpation of abdominal organs was impossible.
Symmetric edema of legs and feet; leg palpation was
non-tender, with preserved pulses bilaterally. ECG (Jan-
uary 15, 2025; 6:15 a.m.): sinus regular rhythm, rate 64/
min. Right axis deviation (a angle: +112°). SQ T, sign,
negative T waves in leads III, V,-V_. Signs of right heart
strain. Compared to ECG on January 14, 2025, the right
axis deviation worsened (a angle increased from +106°
to +112°), the Q, wave became deeper (from 1.5 mm to
2.5 mm), and the depth of the negative T, increased
as well, which were considered signs of RV strain wors-
ening (Fig. 2).

Transthoracic echocardiography (EchoCG) (Janu-
ary 15, 2025; 8:30 a.m.): pulmonary artery pressure
50-54 mm Hg. Inferior vena cava dilation 3.29 cm,
collapsing <50 % on inspiration. Right atrial volume
index 85.83 mL/m? (<27 mL/m?), RV wall thickness
0.38 cm, proximal RV diameter 4.5 cm (<3.5 cm), EDV
index 70.63 mL/m? (29-61 mL/m?). Dilated right heart
chambers and LV. Paradoxical interventricular septum
motion (sign of RV strain). Left atrial (LA) diameter
4.36 cm, LA volume index 27.92 mL/m? LV ejection
fraction 55 %.
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Figure 2. Electrocardiogram at the time of impairment of
the condition (01/15/2025, 06:15). Description in the text

Ultrasound duplex scanning of veins in lower extrem-
ities was not arranged due to technical limitations.

Common blood count and biochemistry panel (Janu-
ary 15, 2025; 9:00 a.m.): WBC 15.14x10°/L, 12% lym-
phocytes, RBC 4.08x10'%/L, Hb 73 g/L, total protein
58 g/L, urea 23.1 mmol/L, alanine aminotransferase
304.8 mmol/L, aspartate aminotransferase 244.2 mmol/L,
PT 24.4 sec. Urinalysis could not be arranged due to the
absence of urine.

Based on the patient complaints of worsening dys-
pnea, significant weakness, physical findings (edema of
lower extremities, hypotension, tachypnea), decreased
SpO,, ECG results (worsening right axis deviation,
increased depth of pathological Q wave in lead III and
T waves in chest leads), and EchoCG (pulmonary hyper-
tension, inferior vena cava dilation, absence of its ade-
quate inspiratory collapse, dilated right heart chambers),
high-risk PE (PESI mortality risk 10-24.5%) with the
circulatory collapse (January 9, 2025) was diagnosed in
the patient. Pulmonary hypertension (mean pulmonary
artery pressure 54 mm Hg).

No urination for 10 hours with the significant drop
in diuresis within the prior days, prolonged hypoten-
sion emerging in the setting of PE helped to establish the
diagnosis of prerenal AKI, RIFLE class/AKIN Stage 3, in
the setting of CKD: congenital unilateral agenesia of the
left kidney.

Due to the very high-risk PE, the patient was admin-
istered thrombolysis with recombinant prourokinase
in the total dose of 8 million U (2 million U as a bolus,
6 million U as an IV drip). The enoxaparin dose was
increased to 80 mg subcutaneously twice daily (before
the creatinine results turned in), while aspirin and
clopidogrel were discontinued. After thrombolysis, the
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patient’s condition remained stably severe, with BP of
115/70 mm Hg, while dyspnea did not get worse.

The result of the creatinine test was received on
January 15, 2025 on 12:30 p.m. — 540 pmol/L (N
30-110 umol/L). The treatment administered was cor-
rected: enoxaparin, spironolactone, and atorvastatin
were discontinued, and a combined phospholipid + glyc-
yrrhizinic acid drug was started (2.5 g twice daily, IV
drip).

Coagulation panel (January 15, 2025): PT 24.4 sec,
PTI 61%, fibrinogen 1.9 g/L, D-dimer 2,420 ng/mL
(0-500 ng/mL).

On January 17, 2025 (Day 3 of inpatient hospitaliza-
tion), the patient started to excrete urine (350 mL/day).
Urinalysis: proteinuria (1.31 g/L), leukocyturia, casturia
(see the Table for urinalysis changes).

During the period of January 17 to 21, 2025, the
patient continued complaining of significant dyspnea
at rest worsening with minimum activity, severe gen-
eral weakness. Her condition was stably severe. Sym-
metric, soft edema of lower extremities spanned up to
the middle of thighs; it was more prominent by the eve-
ning. The patient was on constant oxygen therapy, with
SpO, 95-97% (during O, inhalations), HR 70-84 bpm,

Table. Dynamics of the patient’s general urine analysis during her hospital stay

Date (day in hospital)
Parameter 17.01.2025 20.01.2025 28.01.2025 31.01.2025 04.02.2025
) (7) (15) (18) (22)
Urine volume, ml/day 350 1200 2700 2400 1700
Relative density l/u 1/u 1026 1018 1013
Protein, g/L 1,31 0,246 0,749 1,3 0,104
White blood cells, single in f/v 7-12 - 10-15 8-0 30-40
Red blood cells, single in f/v - - 10-12 1-2 -
Cylinders, single in f/v 6-9 - - - -

Notes: 1/u — little urine, f/v — field of view.
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Figure 3. Dynamics of laboratory and instrumental parameters of the patient during her hospital stay

Notes: TIT — thrombolytic therapy, AF — atrial fibrillation, PAP — pulmonary artery pressure, SpO, — blood oxygen saturation level, %, GFR — glomerular filtration rate,
CKD-EPI 2021 — formula for calculating GFR according to Chronic Kidney Disease Epidemiology Collaboration 2021, CR — creatinine, mcmol/
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RR 20-22/min, BP 130-120/80-70 mm Hg. The diure-
sis restored since January 20 (800-1200 mL daily). See
Figure 3 for changes in hemodynamic parameters, heart
rhythm, blood saturation, common blood count and
biochemistry panel results during the whole treatment
period in the inpatient setting.

On Day 9 of inpatient treatment (January 22, 2025),
the patient noted the improved well-being, while the
dyspnea intensity decreased. Her condition was still
stably severe. Physical examination revealed moderate
cyanosis of lips. Vesicular breathing was auscultated in
lungs. SpO, 97% (during O, inhalations), RR 20/min.
Regular heart rhythm, with muffled heart sound. HR
85 bpm, BP = BP, = 120/70 mm Hg. Due to creatinine
level decrease to 305 umol/L and GFR of 17 mL/min,
enoxaparin was again added to treatment (60 mg/day,
one-time).

ECG (January 22, 2025): regular sinus rhythm, rate
85/min. Right axis deviation (a angle +109°). S Q, sign,
isoelectric T wave in leads II, III, aVF, weakly positive
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Figure 4. ECG of the patient during arrhythmia
(01.23.2025, at 08:25)

Description: atrial fibrillation with ventricular rate (VR) of 140 min™. Right axis

deviation (a angle +109°). S Q, sign, weakly negative T wave in leads V -V,

T wave in leads V-V . Compared to prior ECGs, nega-
tive T waves became flattened and weakly positive.

On January 23, 2025, at 8:05 a.m. (Day 10 of hospital
stay), the patient noted decreased dyspnea intensity and
improved well-being in the setting of general weakness,
however she started complaining of palpitations. During
the examination, irregular heart rhythm with the rate
of 100/min was detected; RR 23/min- ECG (January 23,
2025; 8:25 a.m.): tachysystolic atrial fibrillation (AFib)
(Fig. 4).

Amiodarone 300 mg (diluted in 0.9% saline,
400 mL), IV drip infusion was started on 8:40 a.m. The
paroxysm was stopped at 12:10 p.m., the patient noted
that her condition improved, while the dyspnea inten-
sity decreased; RR 19/min. ECG (January 23, 2025;
12:00 p.m.): irregular sinus rhythm due to atrial extra-
systoles (bigeminy) with the rate of 120/min. Right axis
deviation (a angle +102°). S,Q,, sign, positive T waves
in leads V -V (Fig. 5).

During the treatment (amiodarone 300 mg IV drip
one, followed by 200 mg orally three times daily; oxygen
therapy; combined phospholipid + glycyrrhizinic acid
drug 2.5 g/day; furosemide 20 mg twice daily; panto-
prazole 40 mg; iron [III] hydroxide dextrane solution
2.0 mL twice daily), the patient’s condition improved.
The patient noted the disappearance of palpitations,
while her dyspnea and general weakness improved;
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Figure 5. ECG after abortion of an atrial fibrillation
attack (01/23/2025, 12:00).

Description: irregular sinus rhythm due to atrial bigeminy with heart rate of
120 min. The electric axe is deviated to the right (angle a +102°). S Q, , positive T
inV-V

1 2

T’

473



474

ANALYSIS OF CLINICAL CASES

The Russian Archives of Internal Medicine ® Ne 6 e 2025

the motor activity enhanced. Edema of thighs, legs, and
feet improved. The patient preserved a sinus rhythm with
HR 60-80/min, BP in the range of 120-130/76-80 mm
Hg. SpO, 98 % on room air, RR 18/min. Cardiac tones
were regular, muffled. Vesicular breathing with no rales
or crepitation was auscultated in lungs.

Laboratory tests before discharge: CBC (February 4,
2025): RBC 3.95x10"*/L, Hb 82 g/L, Ht 28.1 %, mean cor-
puscular volume 71 fL, mean corpuscular hemoglobin
20.7 pg, mean corpuscular hemoglobin concentration
29.2%, RBC distribution width 15.4 %, platelets 148 g/L
(150-450 g/L), platelet crit 0.141 %; all other parameters
were within reference ranges.

Biochemistry panel: total protein 50 g/L, creatinine
75 pmol/L, serum iron 8 umol/L (9-30 pmol/L), ferritin
8 ug/L (15-150 pg/L), transferrin 3.5 g/L (2.0-4.0 g/L),
vitamin B, 250 pg/mL (190-900 pg/mL); all other
parameters were within reference ranges, including ami-
notransferase levels.

EchoCG (February 4, 2025): pulmonary artery pres-
sure decreased from 54 to 49 mm Hg, LA volume index
increased from 27.92 mL/m? to 52.75 mL/m? right
atrial volume index decreased from 85.83 mL/m’ to
64.75 mL/m>

On February 5, 2025 the patient was discharged
under the monitoring of physicians at place of residence
with the following diagnosis:

Main disease: High-risk PE (in-hospital mortality
risk >15 %) with the circulatory collapse on January 9,
2025 (based on history), recurrent course. Condition
after thrombolysis (prourokinase) on January 15, 2025.
Pulmonary hypertension (mean pulmonary artery pres-
sure 49 mm Hg based on EchoCG dated February 4,
2025) (ICD code 126).

Complications of the main disease: prerenal AKI
(RIFLE Stage 3) dated January 14, 2025, with the renal
function restored on February 4, 2025, in the setting of
CKD Stage 2: agenesia of the left kidney combined with
the hypertensive nephropathy of a single right kidney.
Hypoxic hepatitis.

CAD: first-detected tachysystolic AFib paroxysm
(January 23, 2025), drug-induced cardioversion (amio-
darone) on January 23, 2025, CHA DS,-VASc 4 points,
HAS-BLED 5 points, HF 1 with preserved LV ejection
fraction (61.99 % based on EchoCG dated February 4,
2025), functional class II. Essential hypertension, Stage
I, Grade 3, Risk 4 (very high).

Moderately severe iron deficiency anemia.

She was recommended to continue regular follow-
up at the general practitioner and the cardiologist. Out-
patient diagnosis to determine the cause of anemia.
EchoCG, Holter ECG monitoring to be arranged annu-
ally. Monitoring serum creatinine, iron, potassium levels;
common blood count and urinalysis in 1 month. Salt-
restricted (<5 g daily) and fluid-restricted (1-1.5 L daily)

diet. Medications recommended: bisoprolol 2.5 mg in the
morning, long-term treatment with HR and BP monitor-
ing; lisinopril 2.5 mg daily; amiodarone 100 mg in the
afternoon after 1 month with HR and ECG monitoring;
rivaroxaban 20 mg daily during meals for 3 months with
the following cardiologist counseling; iron [II] sulphate
in combination with ascorbic acid 2 tablets daily with
hemoglobin and serum iron level monitoring.

Discussion

PE is a variant of VTE, which comes third among the
most common causes of cardiovascular mortality, giving
way just to myocardial infarction and stroke [14]. Timely
detection of acute PE and immediate initiation of antico-
agulants, thrombolytics in combination with mechanical
thrombectomy provides a significant decrease in mortal-
ity risks [15, 16]. PE manifestations may simulate a wide
range of other conditions; thus, the most common cause
of death in PE is the inability to confirm a correct diag-
nosis [14]. PE is often called a “great pretender”, as this
condition may be very complex for detection and final
diagnosis. Patients with PE often demonstrate symptoms
simulating acute myocardial infarction, HF, syncope
caused by arrhythmias, pneumonia, influenza, asthma,
panic attack, depression, or other diseases. The diagno-
sis of PE primarily requires that the physician includes it
into the differential diagnosis; however, unfortunately, it
is not uncommon that this life-threatening condition is
not even considered a potential cause of symptoms in a
patient [14, 17, 18].

Typical clinical PE manifestations usually included
the sudden-onset complaints of variable dyspnea, chest
pain, dizziness, presyncope and syncope, pain and
edema of extremities, hemoptysis, cough, malaise, dia-
phoresis, and other symptoms [9, 19-23]. Based on T.
Holder et al. [21] who analyzed the features of acute PE
among 829 patients, the rate of presenting symptoms
was as follows: dyspnea, 55.2 %; chest pain, 28 %; cough,
12.2%; pain and edema of lower extremities, 8.8 % and
11.3 %, respectively; weakness, 8.9 %; presyncope and
syncope, 8.3 %; hemoptysis, 2.3 %. One should not that
dyspnea (38 %) and chest pain (20 %) were relatively rare
in the high-risk patient subgroup (n=50), while hemop-
tysis and cough were absent completely. Based on the
analysis of several reports by Doralisa and Vincenzo
Morrone [20], clinical manifestations of acute PE were
characterized by dyspnea (in 32-88 % cases), tachypnea
(60-66 %), tachycardia (30-40 %), chest pain (40-70 %),
syncope (6-39 %), cough (9-37 %), hemoptysis (2-13 %),
and fever (7-10%).

In our case the patient complained of dyspnea at rest,
significant general weakness, edema of lower extremi-
ties. At the very onset of the disease (January 9, 2025),
hypotension (80/60 mm Hg) was noted along with severe
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dyspnea and general weakness, confirming the hemo-
dynamic collapse. Despite multiple requests from the
ambulance physicians, the patient refused the hospital-
ization. Unfortunately, the medical charts have not been
presented, but it is very likely that the physicians consid-
ered the patient’s condition worsened due to the exacer-
bation of the main disease, accounting for the history of
CAD and EH. Even upon admission to the cardiology
department on January 14, 2025, the diagnosis of PE was
put second after the proposed ACS. The ambiguity con-
cerning PE was associated with the complex exclusion of
ACS in the setting of CAD and the absence of EchoCG
results during the first day of hospital stay, although ECG
already demonstrated right axis deviation, the SQ, T
sign, negative T waves in chest leads. Only on January
15, 2025, when the patient’s condition significantly wors-
ened in the morning (due to increasing dyspnea, weak-
ness), PE was diagnosed after obtaining the EchoCG
results.

It should be noted that clinical PE manifestations are
not always characterized by the combination of all com-
plaints, i.e. dyspnea, chest pain, hemoptysis, palpitations.
As presented above, such typical PE sign as dyspnea is
not detected in all patients. Accounting for the PE sever-
ity and its potentially lethal prognosis, cases with the
non-‘“classic” PE presentation (with the “classic” mean-
ing the simultaneous combination of all hazardous signs)
should be assessed very attentively [17, 23].

Despite the fact that PE is one of the leading causes
of cardiovascular morbidity and mortality, insufficient
attention is usually paid to the renal function assess-
ment in this complication [24, 25]. Renal dysfunction
is observed rather frequently in patients with PE, with
the rate ranging from 5 % to 60 % [25, 26]. Based on the
ICOPER registry covering 2,454 patients with acute PE,
renal dysfunction (creatinine levels >176.8 pmol/L) was
observed in 5.1 % cases, being an independent mortal-
ity predictor (HR 2.0; 95 % CI 1.4-3.0) [27]. When ana-
lyzing the association of various biomarkers and prog-
nosis in 100 patients with acute PE, M. Kostrubiec et
al. [28] detected renal failure (serum creatinine levels
>135 pmol/L) in 13 patients (13 %); the hazard ratio
(HR) for the renal failure-associated mortality was 6.4
(95% CI 2.22-18.61). Based on the results of the meta-
analysis (13 studies enrolling 35,662 patients), signs
of renal failure were observed in each third patient
(32.8%) [29].

According to the large Russian SIRENA reg-
istry enrolling 604 patients with PE, renal dys-
function (assessed as glomerular filtration rate
<60 mL/min/1.73 m?) was detected in 320 (53 %)
patients, with severe dysfunction in 63 (10 %) examined
subjects [30]. AKI was diagnosed in 59.6 % PE patients
in the study of P.F. Klimkin et al. [31]. Besides, AKI in
patients with PE was associated with the severity of

respiratory failure, systolic pulmonary hypertension,
and RV dysfunction parameters.

In our cases PE course was complicated with AKI,
defined as a sudden-onset renal function loss evaluated
based on serum creatinine level increase and decreased
diuresis (oliguria) lasting up to 7 days [32-34].

Several mechanisms are considered in the patho-
genesis of AKI in the setting of PE. Acute right heart
strain leads to tricuspid regurgitation and increased
CVP, which leads to passive renal hyperemia, increased
interstitial pressure, and renal interstitium edema [12,
25, 35]. To describe the renal disorder due to decreased
renal venous blood flow and increased renal interstitial
pressure, the term “congestive nephropathy” is used —
it can be reversible if the venous circulation parameters
are restored [25, 36]. The renal venous congestion acti-
vates the hormonal activation with enhanced sodium
resorption, which leads to worsening volume over-
load, increased intraabdominal pressure, and (conse-
quently) increased RV wall tension. Thus, decreased
renal perfusion along with the worsening vascular
congestion and, thus, increased CVP leads to renal
function worsening in acute HF [35]. E.M. Boorsma
et al. [37] proposed the “renal tamponade” hypothesis
to explain the renal function worsening with increased
CVP in HF. Increased CVP leads to the increased
interstitial pressure in kidneys with the compression of
renal structures (tubules, intrarenal vessels, glomeruli)
in the encapsulated kidney, which is rather rigid for
expansion.

Besides, acute PE with the drop in the stroke volume
leads to renal hypoperfusion and hypoxia, neurohu-
moral activation enabling vasoconstriction and addi-
tional sodium resorption [12, 35]. Such concomitant
diseases as diabetes mellitus, hypertension, CKD, con-
genital anomalies, are both risk factors for AKI, pre-
disposing to renal injury in the setting of severe hemo-
dynamic stress and factors worsening renal injury in
the setting of hypoperfusion and congestive nephrop-
athy [12, 25, 26, 38]. Thus, when analyzing AKI fea-
tures in 36 patients with PE, V.V. Filimonova et al. [24]
detected CKD in 24 (67 %), de novo AKI — in 12 (33 %)
examined patients. Our patient was earlier diagnosed
with a single kidney and a congenital agenesia of the
left kidney, which, being a variant of CKD, predisposes
to AKI [39].

AKI course in the case presented was characterized
by the period of oliguria, azotemia (maximum creati-
nine level 540 umol/L) in the setting of PE. The man-
agement of patients with PE and AKI presumes quick
blood flow restoration in the pulmonary circulation,
RV strain and CVP improvement, diuresis restoration.
In our case, all nephrotoxic medications and drugs
increasing the risk of adverse effects were discontinued
after establishing the final diagnosis.
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Besides severe renal dysfunction, acute HF and
respiratory failure in the setting of PE in our case
led to hypoxic hepatitis, manifesting with more than
10-fold elevated aminotransferase levels. According
to the up-to-date information, hypoxic hepatitis is
associated with complex disorders of hemodynamics
and neurohumoral regulation; hepatocyte hypoxia is
the initial cause of their injury [40]. The analysis of
multiple studies helped to define the following mech-
anisms of hepatocyte hypoxia: ischemia and venous
congestion (17-78 % cases of acute HF); hypoxemia
(12 % cases of respiratory failure, anemia) [40]. Our
patient had several mechanisms combined, including
ischemia, venous congestion, and hypoxemia. Ami-
notransferase levels in hypoxic hepatitis typically
normalize in 10-15 days, which was the case for our
patient.

AKI in PE is associated with an unfavorable prog-
nosis. In the study cited above, the analysis of PE fea-
tures depending on the presence (n=36) or the absence
(n=75) of AKI detected that 16 (44 %) patients with
kidney injury and 26 (23 %) patients without AKI
eventually died [24]. The in-hospital mortality risk was
increased among patients with AKI: OR 5.2 (95% CI
2.02-13.39; p <0.001). Besides, authors demonstrated
that the risk of 30-day mortality based on the PESI
scale in patients with AKI was higher than in patients
with AKI (120.0 (87.5-158) and 90 (87.5-158.0),
respectively; p=0.004) [24]. Based on the detected
clear association between the decreased glomeru-
lar filtration rate and increased in-hospital mortality,
the Russian SIRENA registry experts [30] propose to
add the renal dysfunction (glomerular filtration rate
<60 mL/min/1.73 m?) to the simplified PE Severity
Index (sPESI) in order to improve the risk stratifica-
tion and identify patients with the high risk of in-hos-
pital mortality.

Conclusion

The case presented illustrates the emergence of
AKI in high-risk PE in a patient with a pre-existing
congenital renal anomaly. The AKI course was char-
acterized by oliguria and increased serum creatinine
levels. AKI in PE is associated with several mecha-
nisms, in particular with congestive nephropathy and
severe hypoperfusion caused by the decreased stroke
volume and hypotension. AKI in PE is associated with
unfavorable prognosis evaluated based on the in-hos-
pital mortality level. Knowing the renal dysfunction
features provides the complex approach to the eval-
uation of the clinical status of PE patients, helps to
monitor diuresis and serum creatinine levels, as well
as to develop the differentiated algorithms of patient
management.
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