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Study of the effect of high blood pressure on the kidney in children with COVID-19
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4 /Abstract 7\\

Hypertension is considered as a comorbid condition for the novel
coronavirus 2019 (COVID-19). However, there are no reports of
“Hypertension crisis” as a presentation or comorbidity of the CO-
VID-19 infection in pediatric patients. In this retrospective obser-
vational study, we collected data from total six pediatric patients,
diagnosed with confirmed COVID-19 positive who had presented
with acute severe hypertension. The mean age of patients was 4.2
years. Four cases were with newly diagnosed nephrotic syndrome
and two with chronic kidney disease who were on regular dialysis
with no edema or sign of fluid overload, were enrolled. The low-
est and highest systolic blood pressures at the time of admission
were 160 mmHg and 200 mmHg, respectively. The diastolic blood
pressures were between 100-155 mmHg. All patients treated with
Labetalol infusion titrated to maximum dosage and continued for
at least one week. Our reported children had resistant hypertension
and their blood pressure had been controlled with four or five an-
tihypertensive medications. It is crucial to consider the diagnosis
of COVID-19 in a patient presenting with a hypertension crisis,
even in the absence of classic signs of the virus. Thus from our study
we strongly recommend the medical practitioners to consider the
probability of COVID-19 infection in cases presenting to the hospi-

tal with acute severe hypertension.
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Introduction

The symptoms of COVID-19 viral disease, generally ranging from
mild to moderate flu-like conditions to critical situation connected
with acute respiratory distress syndrome and cytokine storm with de-
creased adaptive immune response, portending high morbidity and
mortality. On 31 December 2019, a newly emerged pneumonia caused
by a novel coronavirus, named SARS-CoV-2, was announced by Chi-
na [1]. It spread out so rapidly until WHO announced coronavirus
2019 disease (COVID-19) as a pandemic condition on 11 March 2020.
The firstly reported presentations of COVID-19 were like other viral
respiratory infections, including high fever and dry cough. However,
it might lead to acute respiratory distress syndrome and the mortality
rate was quite high [2]. Since then, a wide spectrum of clinical mani-
festations has been described, ranging from the absence of any symp-
toms to fever, cough, dyspnea, diarrhea, ageusia, anosmia, and even
cutaneous lesions [3, 4]. Various dermatologic problems also occurs
specifically in Adult COVID-19 positive patients [5]. The Novel Coro-
navirus 2019 (COVID-19) has emerged and imposed an enormous
burden on the world’s health care resources and influenced millions of
people all around the globe [6]. From the beginning of the pandemic,
there was very limited information on the clinical features and the dis-
ease course in children [7]. However, as time went on, a large number
of reports discussed the characteristics of the disease in adults as well

as in children (Figure 1 and 2).

In a recent systematic review and meta-analysis, it was reported that
pediatric patients with comorbidities are at a greater risk for more se-
vere infection and mortality [6]. As one of the comorbid conditions,
chronic kidney disease (CKD) is associated with a greater risk for dis-
ease severity [8]. Since patients with chronic kidney conditions, espe-

cially those on hemodialysis, require more hospital visits, they tend
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to be at greater risk for acquiring the virus through contacts with in-
fected people. There are many studies that reported hypertension as
a comorbid condition for COVID-19 infection [9]. However, to our
knowledge, there are no reports of hypertension crisis as a comor-
bidity or a presentation sign of COVID-19 infection. Here, we have
reported six pediatric patients with renal diseases presenting with hy-
pertension crisis who had tested positive for COVID-19 or had evi-
dence of the infection on Chest computed tomography (CT) imaging
(Figure 3 and 4).
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Figure 1: COVID-19 and hypertension—evidence and practical management.
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Figure 2: The impact of COVID-19.
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Figure 3: Effect of COVID-19 on Kidney Disease Incidence and Management.
Methods

The pediatric cases with COVID-19 infection and severe hypertension
admitted to a pediatric hospital from March 2020 to February 2021
were enrolled in this retrospective observational study. Confirmed

cases defined by one or more of the following: a positive SARS-CoV-2

real-time polymerase chain reaction (RT-PCR) test from nasopharyn-
geal swab specimens, serological examinations using a commercially
available enzyme-linked immunosorbent assay (ELISA) kit, and chest

CT scan findings in favor of the infection. Hypertensive crisis eluci-
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Figure 4: COVID-19-associated acute kidney injury: consensus report of the
25th Acute Disease Quality.
dated by an acute rise of blood pressure more than stage 2 cut-off with

the potential risk of end-organ damage [10].
Results

Six confirmed SARS-CoV-2 cases with hypertensive crisis, were en-
rolled. The mean age of patients was 4.1 (range: 1-12) years. The clini-
cal characteristics and laboratory data of the patients are shown in
Table 1. Four cases with newly diagnosed nephrotic syndrome who
were on prednisolone (2 mg/kg/day), experienced a rapid rise in blood
pressure. The remaining two cases were suffered from stage 5 chronic
kidney disease (CKD-5) who were on regular hemodialysis (HD) or
continuous ambulatory peritoneal dialysis (CAPD) with no edema or

signs of fluid overload. Patient 5 and 6 were identical twins.

The lowest and highest systolic blood pressure at the time of admis-
sion was 160 mmHg and 200 mmHg, respectively. The diastolic blood
pressures were between 100-155 mmHg. Five out of six patients had
close-contacts with COVID-19 cases. All of the patients had normal or
controlled blood pressure prior to admission. Three patients presented
with fever, two out of which experienced other COVID-19 symptoms,
such as respiratory distress and diarrhea. The remaining three cases
presented with acute severe hypertension without any fever, respira-
tory or gastrointestinal symptoms. All patients treated with labetalol
infusion titrated to maximum dosage and continued for at least one
week and due to poor control of blood pressure, additional oral an-
tihypertensive medications were added. On follow-up (Table 2), one
patient who was on CAPD died following loss of consciousness and
multi-organ dysfunction. The patient on HD got complicated with
pericardial effusion, pancreatitis, and chronic diarrhea. All nephrotic
syndrome patients were resistant to steroid and therefore went on re-
nal biopsy and calcineurin inhibitor was started for massive protein-
uria. All reported cases had resistant hypertension, and their blood

pressure controlled with four or five antihypertensive medications.
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Table 1: Clinical and laboratory characteristics of patients

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6
Clinical features
Age () 3 3 12 1 3 3
sex Female Male Male Female Male Male
Carnitine palmitoyl-
. . trar?sferase 2 (CPT2) de- Nephrotic Syn- | End-stage renal Nephrotic Nephrotic Syn- | Nephrotic Syn-
Underlying condition ficiency and End-stage .
. drome disease Syndrome drome drome
renal disease
Blooé‘l?ressure on ad- 160/110 170/100 200/155 160/115 165/110 160/100
mission (mmHg)
+ i + +
History of close-contact + (one week . .
with COVID-19 pa- (three weeks prior to (.two weeks. _ prior to admis- (two weék p rior | (two we?k PI‘IOI‘
. - prior to admis- R to admission) to admission)
tients admission) . sion)
sion)
Generalized
Presentation signs and tonic-clonic Seizure edema, Fever, Fever, Respiratory . Tonic-clonic
Gross hema- . _ fever, Diarrhea .
symptoms . distress, Dyspnea seizure
turia
Brain MRI: in
f: f PRE
Chest CT scan: | Chest CT scan: | Chest CT scan: | Chest CT scan: a‘slorrlgmni S
Brain MRI: Normal small subpleu- | patchy peripheral | mild ground- Ground-glass Cheyst CT scan:
Imaging studies Chest X-ray: Evidence of | ral ground-glass | consolidations | glass opacities | opacifications ’
. . . . Ground glass
pulmonary edema patches in favor | in favor of CO- in favor of in favor of CO- opacifications
of COVID-19 VID-19 COVID-19 VID-19 . p
in favor of CO-
VID-19
Positive
Anti-SARS- Positive
COVID-19 confirma- Positive Anti-SARS- CO\gjsitgil:/i Ab, Positive RT-PCR | Anti-SARS-
tory tests CoV-2 IgM Ab Anti-SARS- for COVID-19 | CoV-2IgM Ab - -
CoV-2IgG Ab
Extra-pulmonary Fluctu'atlons in ?erlcardlal effu.— Chronic kid-
S Consciousness, none sion, Pancreatitis, . none none
Complications ) . o ney Disease
Multi-organ dysfunction chronic Diarrhea
Outcome Death Discharge Discharge Discharge Discharge Discharge
Laboratory tests
White blood cell count,
< 10°/L 18.1 22.1 22.8 8.1 13.3 16.0
Lymphocyte, % 8 22 35 30 28 22
Hemoglobin, g/dl 9.1 8.3 9.0 7.5 13.6 12.3
Platelet, x10°/L 254 898 90 509 641 671
C-reactive protein,
mg/L 108 5 115 7 12 31
(normal range 0.0-6-0)
Ferritin ng/ml 414 442 1050 40 151 68
D-dimer pug/ml
(normal range:0.0-2.0) 2 2 2 L5 25 6
Alanine aminotransfer-
ase, U/L 18 20 25 10 27 30
Creatinine, mg/dl 4.6 1.4 2.6 1.8 0.4 0.5
Table 2: Administered drugs
Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6
+ . + . + +
Labetalol i (Maximum dose: it (Maximum dose: (st i
dose: 2.5 mg/kg/h) dose: 3 mg/kg/h) dose: dose:
3 mg/kg/h) = MRS 2.5 mg/kg/h) %8 2.5 mg/kg/h) | 2.5 mg/kg/h)
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Angiotensin-
converting en- + + + + +
zyme (ACE)
inhibitors
Angiotensin I1
receptor blockers + - + + -
(ARBs)
Beta-blockers + - + - -
Calcium channel N N N . N
blockers (CCB)
Furosemide - + + + +
Hydralazine,
Additional anti- ydra azne . Terazosin, .
. Terazosin Hydrochlorothiazide L Prazosin - -
hypertensive drugs Clonidine
Meropenem,
Anti-microbial . piperacillin-
) . M ) .
and COVID-19 Ceftr1a.x0nve none tazobactam, Hydroxychloroquine eropenem Ceftriaxone
Vancomycin . ) Teicoplanin
treatment Telcoplanm,
Remdesivir
Discussion Conclusion

Herein, we have reported six pediatric cases, presented to hospital
with hypertension crisis, without signs of fluid overload and mostly
without any classic symptoms of COVID-19, who tested positive for
the virus or had evidence of the infection on chest CT imaging. Based
on published articles, hypertension has been identified as one of the
most prevalent comorbidities in COVID-19 [9, 11]. However to this
date, there is no report of “Hypertension crisis” as a presenting sign or
comorbid condition of the infection and it is crucial to consider this
diagnosis in a patient presenting with a severe rise in blood pressure
even in the absence of classic signs of the virus. The importance of this
consideration is the initiation of the proper isolation of the patient in
the hospital so that other patients who have been admitted for non-
infectious causes are kept safe from catching the virus (Figure 5). It
was showed that, renal and cardiovascular complications were the sec-
ond and third most prevalent manifestations of COVID-19 infection
in children, respectively [12]. Again there might be a cause-and-effect
correlation between hypertension and COVID-19 infection [13].
From renal manifestations, acute kidney injury, uremia, and hema-
turia were the most frequent complications of SARS-CoV-2 infection

in children.
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Figure 5: Risk factors for developing severe COVID-19 in China: an analysis
of disease surveillance data.

Hypotension, shock, and tachycardia were some of the cardiovascular
features of the disease. Three of our cases presented with hypertension
crisis without any other symptoms of viral infection and surprisingly
diagnosed with COVID-19 during the laboratory workup or CT scan.
However, whether the virus itself can cause exacerbation of hyper-
tension or not, is yet unknown, and more comprehensive studies are
needed to identify this correlation. Most of our patients had not devel-
oped severe COVID-19 symptoms, and the reason for their admission
was hypertension crisis, and after controlling the blood pressure, they
were discharged from the hospital, except for one patient who devel-
oped encephalopathy and multi-organ dysfunction and unfortunately
passed away. In conclusion, we recommend the medical practitioners
to consider the probability of COVID-19 infection in cases present-
ing to the hospital with hypertension crisis, especially those with
controlled blood pressure followed by this acute presentation, and to
maintain proper testing and isolation to protect other patients from

the disease.
Declarations
Ethics approval and consent to participate:

o Very initially, written informed consents were obtained from the

parents.

« This whole study adhered to the tenets of the Declaration of Helsinki

and was approved by the ethics committee.

Consent for publication: Written informed consents were obtained

from the parents.

Availability of data and materials: The datasets used in the current

study are available upon reasonable request.

Competing interests: The authors declare no conflicts of interest rel-

evant to this manuscript.

Volume 1 | Issue 1 | 2021



https://ijcimr.org/

Grants: None.

Acknowledgments: The authors like to thank the hospital authority.
Author contributions: None except listed.

References

1. Phelan AL, Katz R, and Gostin LO. The novel coronavirus originat-
ing in Wuhan China. JAMA. 2020; 323(8):709.

2. Li Q Guan X, Wu P. et al. Early transmission dynamics in Wuhan,
China, of novel coronavirus-infected pneumonia. New England Jour-
nal of Medicine. 2020; 382(13):1199-1207.

3. Rothan HA and Byrareddy SN. The epidemiology and pathogenesis
of coronavirus disease (COVID-19) outbreak. Journal of Autoimmu-
nity, 2020; 109:102433.

4. Lechien JR, Chiesa-Estomba CM, De Siati DR. et al. Olfactory and
gustatory dysfunctions as a clinical presentation of mild-to-moderate
forms of the coronavirus disease (COVID-19): a multicenter Europe-

an study. European Archives of Oto-Rhino-Laryngology. 2020.

5. Hossain MM, and Tanmy TT. Update of Dermatologic problems
in Adults Suffering from COVID-19. International Journal of Medical
Research & Health Sciences. 2021; 10(10):116-121.

6. Tsankov BK, Allaire JM, Irvine MA, Lopez AA, Sauvé L], Vallance
BA, Jacobson K. Severe COVID-19 Infection and Pediatric Comorbid-
ities: A Systematic Review and Meta-Analysis. Int ] Infect Dis. 2021;
103:246-256. [DOI:10.1016/j.ijid.2020.11.163].

7. Lu X, Zhang L, Du H, Zhang J, Li YY, Qu J, et al. SARS-CoV-2
Infection in Children. The New England journal of medicine. 2020;
382(17):1663-1665. [DOI:10.1056/NEJMc2005073].

8. Henry BM, Lippi G. Chronic kidney disease is associated with severe
coronavirus disease 2019(COVID-19) infection. Int Urol Nephrol.
2020; 52(6):1193-1194. [DOI:10.1007/s11255-020-0245-9].

9. Wei ZY, Qiao R, Chen J, Huang J, Wu H, Wang WJ, Yu H, et al.
The influence of pre-existing hypertension on coronavirus dis-
ease 2019 patients. Epidemiol Infect. 2021; 149:e4. [DOI:10.1017/
$0950268820003118].

10. Seeman T, Hamdani G, Mitsnefes M. Hypertensive crisis in chil-
dren and adolescents. Pediatr Nephrol. 2019; 34(12):2523-2537.
[DOI:10.1007/500467-018-4092-2].

11. Lucar J, Wingler MJB, Cretella DA, Ward LM, Sims Gomillia CE,
et al. Epidemiology, Clinical Features, and Outcomes of Hospital-
ized Adults with COVID-19: Early Experience from an Academic
Medical Center in Mississippi. South Med J. 2021; 114(3):144-149.
[DOI:10.14423/smj.0000000000001222].

12. Pousa PA, Mendonga TSC, Oliveira EA, Simdes ESAC. Extrapul-
monary manifestations of COVID-19 in children: a comprehensive
review and pathophysiological considerations. ] Pediatr (Rio J). 2020.
[DOI:10.1016/j.jped.2020.08.007].

13. Sardu C, Gambardella J, Morelli MB, Wang X, Marfella R, San-
tulli G. Hypertension, Thrombosis, Kidney Failure, and Diabetes: Is
COVID-19 an Endothelial Disease? A Comprehensive Evaluation of
Clinical and Basic Evidence. ] Clin Med. 2020; 9(5). [DOI:10.3390/
jem9051417].

Volume 1 | Issue 1 | 2021



