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Abstract. Acute kidney injury (AKI) occurs in different situations and may have a
variable prognosis due to underlying cause, clinical setting and comorbidity. Near-
drowning is known to lead to bradycardic rhythms which can lead to hypoxia because
of hypoperfusion. AKI has a high risk of mortality and morbidity. However, sequelae
of sinus bradycardia are related to its underlying etiology. Urinary, cardiovascular and
respiratory disorders are more frequently seen after near-drowning. Near-drowning
related AKI and sinus bradycardia are not reported together in the literature. We aimed
to emphasize these complications in near-drowning patients.
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3eki Kemeu!, Asi I'opes’

T'ocTpe nomKo KeHHSI HIPOK Ta CHHYCOBa OpaauKapis
acoiifioBaHi 3 He(paTaAJIbHUM YTOIIEHHAM

TlepxaBHa perioHalbHA JIiKapHs, HedposoriuHa kiiHika, barman, TypeyunHa
*Memnunauii ¢pakyasreT PipaTchbKOro YHiBEPCUTETY, KiliHiKa Hedpostorii, Enxasur, Typeuyunna

Pestome. Tocmpe nowkodxcenns nupox (I'TIH) moxce yckaadurweamu pisui Kainivni cumyayii ma mamu pisHuii
NPOCHO3 3ANeMHCHO 8i0 OCHOBHOT NPUYUHU, KAIHIYHUX YMO8 Ma CYnYmHb0i namooeii. Bidomo, ujo ymonaenHs npu3eo0ums
do 6padukxapdii, axa modce bymu npuquHoro einokcii uepes einonep@ysiro. I'llH mae eucokuii pusux cmepmuocmi. Ilo-
DYUleHHsl cepueo-cyOUHHOI cucmemu OUXAaHHs Mma ce4o8UOiNeHHs YACMO CnOCMePiealombCs Nicas HeghamanbHo20 ymo-
nAeHHs, ane y HAYKogiil Aimepamypi maiixce He iCHYe nogioomaeHs 3 yiei npobaemu. Y yiii pobomi mu npooeMoHCmMpysaiu
Kainiunuil éunadok T'ITH ma cunycoeoi bpadukapdii, acoyitiosanux 3 HepamanbHUM ymonieHHsIM.

KmouoBi ciioBa: negpamanvre ymonaenns, 2ocmpe nouko0icenHs HUPOK, CUHYCO8d Opaduxapois.

Introduction. The risk factors for acute kidney
injury (AKI) include many different and variable
factors, which are critical as they are associated
with numerous reported cases of high mortality and
morbidity worldwide. Although the typical flow
diagram splits into prerenal, renal, and postrenal
subgroups. Some of the clinical entities may not be
defined within a specific subset, which is the case
for AKI associated with near-drowning [1]. Only a
small number of such cases have been reported. The
case-control study of 30 hospitalized near-drowning
victims has shown that 50 % of the patients had acute
renal impairment [2]. This might in part be due to
poor recognition of this condition.

It is clearly known that inadequate ventilation
leads to hypoxia, and hypoxia leads to bradycardic
rhythms; likewise, it is known that near-drowning
leads to bradycardic rhythms, which can lead to hy-
poxia because of a lack of perfusion. Sinus bradycar-
dia may be defined as a sinus rhythm with a resting
heart rate of 60 beats per minute or less. However, few
patients actually become symptomatic until their heart
rate drops to less than 50 beats per minute. The action
potential responsible for this rhythm arises from the
sinus node and causes a P wave on the surface electro-
cardiography (ECGQG) that is normal in terms of both
amplitude and vector. The presence of sinus bradycar-
dia in itself does not cause a change in the QRS com-
plex and T wave [3].

Zeki Kemecg
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Here we present a rare cause of AKI and sinus
bradycardia in a middle-aged male due to near-
drowning. We have been unable to find together
documented instances of these complications in the
literature.

Case report. A 40-year-old male without signifi-
cant past medical history was admitted with nausea,
chest pain, and lumbar pain to our Nephrology Outpa-
tient Clinic. He had a history of near-drowning in the
Black Sea while he was swimming with his son. The
duration of immersion was about 10—15 minutes. Our
patient was resuscitated on the beach and aspirated
sea-water was cleared from the airways. He was taken
to the hospital and discharged as his kidney function
tests were normal. He contacted us after 16 hours.
We admitted the patient for inpatient stay at our Ne-
phrology Clinic. He underwent 12 days of uneventful
observation. His admission creatinine (Cre) level was
high (4.83 mg/dL). During the physical examination,
he was conscious and cooperative. Blood pressure was
110/70 mmHg and heart rate was 57/min, respiratory
rate was 20/min, weight 65 kg, height 169 cm and body
temperature was 36.4°C. Urine output was >400 mL/
day. Biochemical tests on admission are summarized
in Table 1.
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Tablel
Dynamics of the patient laboratory data

Date One day* Two day Four day Five day Six day Twelve day Seve;g; 7o Reference range
Glucose 105 115 124 70 — 105 mg / dL
Urea 88.1 92.1 76.9 60.1 53.8 27.6 35.5 8 —50mg/dL
Cre 483 5.86 4.76 3.49 2.74 1.47 1.19 0.05—1.3mg/dL
Uric acid 15 13.5 9.5 8.4 8 02.5—8mg/dL
Na 139 140 140 132-150 mmol / L
K 4 4.7 4.6 3 — 5.5 mmol/L
Cl 102 106 90-115 mmol/L
Ca 10.3 9.5 9.4 8.3—10.6 mg/dL
LDH 263 40-310 U/L
CK 131 110 675 357 15-175 U/L
MYG 128.2 16-74 ng/mL
P 5.5 4.4 4.4 2—6mg/dL
WBC 14,2 3,5—11x109/ L
CRP 28.1 26.4 14.4 11.2 0.4 0-10mg /L
pH 7.34 7.36 7.4 7.35-7.45
HCO3 18.2 16.1 22.1 22-26 mEq/L

*Time of increased serum creatinine levels.
YTime of creatinine serum levels has returned to normal.

Abbreviations; Cre: creatinine, Na: sodium, K: potassium, Cl: chloride, Ca: calcium, LDH: lactate dehydrogenase, CK:
creatine kinase, MYG: myoglobin, P: phosphorus, WBC: white blood cell, CRP: C-reactive protein, HCO3:

bicarbonate

Note: Since some of the data were not analyzed on certain days, related cells of the table were left blank.

Urinalysis revealed a density of 1008, pH: 6, pro-
tein +++, leukocytes: 5/HPF and erythrocytes: 14/
HPF, without eosinophils. Daily urinary protein excre-
tion was 576 mg in the 24-hour urine sample. Creatinine
kinase (CK) level was 131 IU/L on admission (second
day after near-drowning) and it increased to 675 1U/L
and 357 IU/L on the third and fourth days after admis-
sion. On the 6th day, myoglobin was slightly elevated.
He had chest pain on the 4th day of hospitalization.
Cardiac markers were normal. The electrocardiography
showed sinus bradycardia (Fig. 1).
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Fig. 1. The heart rate of 57/bpm in the patient.

Thyroid hormones were in physiological reference
intervals. Chest X-ray and renal ultrasonography were

within the normal range. Boundary metabolic acido-
sis, hypovolemia, azotemia were found. 250 cc/h of
intravenous fluid was administered. The patient was
complaining of lumbar pain and dysuria with high C-
reactive protein (CRP) levels. Urine culture was taken;
an empirical antibiotic was started. Urine culture was
negative. He was followed up daily for Cre levels and
urine output. There was no need for hemodialysis. Cre
levels started to decrease without renal replacement
therapy (see Table 1). He was discharged from the hos-
pital on Day 12. Ten weeks after near-drowning, Cre
was in the normal range and ECG showed normal sinus
rhythm (Fig. 2). During his outpatient follow-up, renal
functions remained normal.
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Fig. 2. The heart rate of 68/bpm in the patient.
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Discussion. Near-drowning is accepted as the
initial survival of the patient at least 24 hours after the
incident [4]. Cardiac arrest, brain edema, massive gas-
trointestinal hemorrhage, pulmonary edema, adult
respiratory distress syndrome, pneumonia, and hy-
poxic encephalopathy may occur frequently after near-
drowning. However, patients can also be asymptomatic.
Near-drowning is a rare cause of AKI, but patients who
experience this catastrophic situation should be closely
followed up for this complication [5]. Unfortunately,
the exact pathogenesis of AKI after near-drowning
has not been well known. In animal models, hypoxia
and reperfusion injury are suspected as the cause of
hemodynamic damage. The leading pathophysiologi-
cal events during drowning or near-drowning are arte-
rial oxygen desaturation and cardiac output decrease.
Multiorgan failure, cerebral autoregulation dysfunction
and rhabdomyolysis may contribute to AKI [2, 6].

The patient was admitted to our center on the se-
cond day of the incident. Although CK and myoglobin
levels were slightly high on the fourth day, it was not
clear whether AKI was solely dependent on and relat-
ed to rhabdomyolysis. This may happen without overt
clinical signs of vascular collapse. The normalization of
renal functions was in nearly 10 weeks, which is simi-
lar to the recovery phase of acute tubular necrosis. The
clinical course in this patient is entirely consistent with
that of acute renal failure due to acute tubular necrosis.
The diagnosis is supported by the electrolyte and os-
motic composition of urine during the period of renal
failure, the absence of any other cause for renal failure
in previously healthy young men, and recovery of re-
nal functions after ten to twelve days. The patients were
followed up for 3 and 6 months, respectively, and no
evidence of residual renal insufficiency was found in ei-
ther period. Although no histological evidence of acute
tubular necrosis was obtained in these patients, the
clinical picture was not that of acute glomerular disease,
bilateral obstruction, or persistent bilateral renal arte-
rial insufficiency. This lack of evidence for other renal
failure causes, taken together with the clinical courses of
these patients, seems sufficient to establish the diagnosis
of acute tubular necrosis.

In a study including 30 near-drowning patients, it
was shown that acidosis on admission was the best pre-
dictor for acute renal failure. In our patient, metabolic
acidosis was at the upper limit. Also in this retrospective
analysis, “isolated acute renal injury” was defined in
this group as requiring hemodialysis without overt ex-
trarenal findings, particularly in the respiratory system.
The cases with severe isolated AKI after near-drowning
are very seldom reported [5]. In another study, Alp A
et al present a rare cause of AKI in a middle-aged man
with hemodialysis [1]. Our case had AKI. There was
no requirement for hemodialysis. Renal functions im-
proved with controlled and effective fluid replacement.
We thought that CRP and WBC elevation in our pa-
tient may be associated with lung infection as a result
of bronchial-alveolar irritation caused by aspirated sea-

water. He benefited from ampicillin-sulbactam given
prophylactically.

Causes of sinus bradycardia include the following:
the sick sinus syndrome, medications, a broad variety of
other drugs and toxins. Less commonly, the sinus node
may be affected as a result of diphtheria, rheumatic fe-
ver, or viral myocarditis [3]. Disordered physiological
processes that are related to sinus bradycardia is depen-
dent on the etiology of the disorder [7]. Commonly,
sinus bradycardia is an incidental finding in otherwise
healthy individuals, particularly in young adults, ath-
letes or sleeping patients [8]. Other causes of sinus bra-
dycardia are related to increased vagal tone. Physiologic
causes of increased vagal tone include the bradycardia
seen in athletes. Pathologic causes include, but are not
limited to, inferior wall myocardial infarction, toxic or
environmental exposure, electrolyte disorders, infec-
tion, sleep apnea, drug effects, hypoglycemia, hypothy-
roidism, and increased intracranial pressure [3]. Our
patient had chest pains. Sinus bradycardia was detected
on the ECG. Cardiac enzymes were normal. There was
no need for atropine. When chest pain did not respond
to paracetamol, 50 mg tramadol was used for control.
We concluded that our patient may have chest pain as-
sociated with rhabdomyolysis. After discharge, ECG
returned to normal sinus rhythm. What was the cause of
the bradycardia, hypoperfusion, and hypoxia in this pa-
tient? It is well known that inadequate ventilation leads
to hypoxia, and hypoxia leads to bradycardic rhythms.
Likewise, it is known that hypothermia causes brady-
cardic rhythms, which in turn leads to hypoxia due to
a lack of perfusion [9]. Thyroid hormones, calcium,
magnesium and glucose values of our patient were with-
in normal values. There was no drug or alcohol intake.
He did not participate in any sports activity. Thus, bra-
dycardia may be due to the interaction of hypoxia and
vagal tone.

Our case has a limitation. We did not perform a
kidney biopsy for diagnostic purposes. As we mentioned
above, we avoided interventions that require invasive
intervention as clinical and laboratory findings support
acute tubular necrosis

Conclusions. In conclusion, in the case of sea-wa-
ter drowning, physicians should consider AKI and sinus
bradycardia. Our case will be the first in this aspect. The
effect of sinus bradycardia on progression can be ne-
glected; renal failure can often be reversed with medical
treatment and rarely complicated.

Informed consent: Informed consent was obtained
from the patient included in the study.
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Authors contribution.

Zeki Keme¢ and Ali Giirel contributed to the anal-
ysis of the results and the writing of the manuscript.

YKPATHCBKUIN XXYPHOA HEPPOAOTT TO Aiaaidy N24 (68) 2020

BrnaakM 3 KAIHIYHOT MPAKTUKK 21



Clinical case reports

Ukrainian Journal of Nephrology and Dialysis, 4 (68)’2020

References:

Alp A, Akdam H, Meteoglu I. et al. Acute kidney in-
jury after near drowning: the way from the beach to
hemodialysis. Hemodialysis International 2016; 20:
1-4. DOI: 10.1111/hdi.12321.

Spicer ST, Quinn D, Nyi Nyi NN. et al. Acute renal
impairment after immersion and near-drowning.
J Am Soc Nephrol. 1999; 10: 382—6. Availiable
from: URL: https://jasn.asnjournals.org/con-
tent/10/2/382.long.

Sidhu S, Marine JE. Evaluating and manag-
ing bradycardia. Trends Cardiovasc Med. 2020
Jul;30(5):265-272. doi: 10.1016/j.tcm.2019.07.001.

Thanel F. Near drowning. Rescuing patients through
education as well as treatment. Postgrad Med. 1998;
103:149—153. DOI: 10.3810/pgm.1998.06.511.

Seong EY, Rhee H, Lee N. et al. A case of severe
acute kidney injury by near-drowning. J Korean
Med Sci. 2012; 27: 218-220. DOI: 10.3346/
jkms.2012.27.2.218.

Hegde SN, Anupama YJ. Acute renal failure sec-
ondary to rhabdomyolysis following near-drowning
in sea water. J Assoc Physicians India. 2003; 51:
512—513. Availiable from: URL: https://www.re-
searchgate.net/publication/10568132_ Acute re-
nal failure secondary_to rhabdomyolysis_fol-
lowing_near-drowning_in_sea_ water.

Wung SF. Bradyarrhythmias: clinical presentation,
diagnosis, and management. Crit Care Nurs Clin
North Am. 2016; 28(3): 297-308. DOI: 10.1016/j.
cnc.2016.04.003.

Guasch E, Mont L. Diagnosis, pathophysiology, and
management of exercise-induced arrhythmias. Nat
Rev Cardiol. 2017; 14(2): 88-101. DOI: 10.1038/
nrcardio.2016.173.

Keffeler J, Frank M, Derr C. A 6-Year-Old Male
Cold Water Near Drowning Where You Might
Least Expect It. Air Med J. 2017; 36(6): 339-340.
DOI: 10.1016/j.amj.2017.08.002.

22

BUNOAKM 3 KAIHIYHOT MPOKTUKIA

YKPAIHCBbKMIN XYPHOA HEPROAOTTT TO Aianizy N24 (68) 2020


https://onlinelibrary.wiley.com/doi/full/10.1111/hdi.12321
https://onlinelibrary.wiley.com/doi/full/10.1111/hdi.12321
https://onlinelibrary.wiley.com/doi/full/10.1111/hdi.12321
https://onlinelibrary.wiley.com/doi/full/10.1111/hdi.12321
https://jasn.asnjournals.org/content/10/2/382.long
https://jasn.asnjournals.org/content/10/2/382.long
https://jasn.asnjournals.org/content/10/2/382.long
https://jasn.asnjournals.org/content/10/2/382.long
https://jasn.asnjournals.org/content/10/2/382.long
https://www.sciencedirect.com/science/article/pii/S1050173819300933?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1050173819300933?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1050173819300933?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/9633547/
https://pubmed.ncbi.nlm.nih.gov/9633547/
https://pubmed.ncbi.nlm.nih.gov/9633547/
https://pubmed.ncbi.nlm.nih.gov/22323873/
https://pubmed.ncbi.nlm.nih.gov/22323873/
https://pubmed.ncbi.nlm.nih.gov/22323873/
https://pubmed.ncbi.nlm.nih.gov/22323873/
https://www.researchgate.net/publication/10568132
https://www.researchgate.net/publication/10568132
https://www.researchgate.net/publication/10568132
https://www.researchgate.net/publication/10568132
https://www.researchgate.net/publication/10568132
https://www.researchgate.net/publication/10568132
https://www.researchgate.net/publication/10568132
https://pubmed.ncbi.nlm.nih.gov/27484658/
https://pubmed.ncbi.nlm.nih.gov/27484658/
https://pubmed.ncbi.nlm.nih.gov/27484658/
https://pubmed.ncbi.nlm.nih.gov/27484658/
https://www.nature.com/articles/nrcardio.2016.173
https://www.nature.com/articles/nrcardio.2016.173
https://www.nature.com/articles/nrcardio.2016.173
https://www.nature.com/articles/nrcardio.2016.173
https://www.ncbi.nlm.nih.gov/pubmed/29132598
https://www.ncbi.nlm.nih.gov/pubmed/29132598
https://www.ncbi.nlm.nih.gov/pubmed/29132598
https://www.ncbi.nlm.nih.gov/pubmed/29132598

	_GoBack
	_Hlk57195263
	OLE_LINK1
	Профілактика, діагностика та лікування грипу у хворих на ХХН: 
	Адаптовані клінічні рекомендації Української асоціації нефрологів і фахівців з трансплантації нирки

	М. О. Колесник, Н. І. Козлюк, О. О. Разважаєва
	Аналіз стану надання спеціалізованої медичної допомоги в Україні
хворим нефрологічного профілю у 2019 році

	Зекі Кемеч1, Алі Гюрель2
	Гостре пошкодження нирок та синусова брадикардія, 
асоційовані з нефатальним утопленням

	Ергюн Пармаксиз, Мерал Меше
	Т. Булдук1, А.У. Ялцин2, О.М. Окай3, С.Г. Озкурт2, Х.У. Теке3,
Г. Сахін2, Г. Теміз2, Г. Демірель3
	С.Д. Новиченко, Л.О. Зуб
	Взаємозв’язок між морфо-функціональним станом еритроцитів
та доплерографічними показниками ниркового кровообігу у хворих
на хронічну хворобу нирок з артеріальною гіпертензією

	Ашраф Ібрагім Мохаммед Хасан1, Башар М. Аль-Хаммоді2, Рамзі Мовфак Рамзі2
	О.К. Гогаєва, В.В. Лазоришинець, А.В. Руденко, Л.С. Дзахоєва, О.В. Ювчик
	Періопераційна оцінка функції нирок у пацієнтів високого ризику 
з ускладненими формами ІХС.
	Резюме основних положень рекомендацій «KDIGO 2020 clinical practice guideline for diabetes management in chronic kidney disease»

	Переклад: Дудар І.О., Лобода О.М., Савчук В.М.
	І.С. Михалойко1 , І.О. Дудар2
	Чи потрібні нові шкали оцінки ризику тромбоемболічних подій
та кровотеч для хворих на хронічну хворобу нирок?

	О.В. Синяченко1, М.О. Колесник2, Н.М. Степанова2, М.В. Єрмолаєва1
	Історія вивчення патології нирок у дзеркалі нумізматики.
Повідомлення 1. Античність та середньовіччя


