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Background: Nephrotic syndrome (NS) is the most common glomerulopathy in children. Acute kidney injury (AKI) is
a common complication of NS, caused by severe intravascular volume depletion, acute tubular necrosis, interstitial
nephritis, or progression of NS. However, the incidence and risk factors of childhood-onset NS in Korea are unclear.
Therefore, we studied the incidence, causes, and risk factors of AKI in hospitalized Korean patients with childhoodonset NS.
Methods: We conducted a retrospective review of patients with childhood-onset NS who were admitted to our center
from January 2015 to July 2017. Patients with decreased renal function or hereditary/secondary NS, as well as those
admitted for management of other conditions unrelated to NS, were excluded.
Results: During the study period, 65 patients with idiopathic, childhood-onset NS were hospitalized 90 times
for management of NS or its complications. Of these 90 cases, 29 met the Kidney Disease Improving Global
Outcomes criteria for AKI (32.2%). They developed AKI in association with infection (n = 12), NS aggravation (n =
11), dehydration (n = 3), and intravenous methylprednisolone administration (n = 3). Age ≥ 9 years at admission and
combined use of cyclosporine and renin-angiotensin system inhibitors were risk factors for AKI.
Conclusion: AKI occurred in one-third of the total hospitalizations related to childhood-onset NS, owing to infection,
aggravation of NS, dehydration, and possibly high-dose methylprednisolone treatment. Age at admission and use
of nephrotoxic agents were associated with AKI. As the AKI incidence is high, AKI should be considered during
management of high-risk patients.
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Introduction
Nephrotic syndrome (NS) is the most common glomerular kidney disease in children [1-5]. It is often complicated by infections, thromboembolism, hypovolemic
crisis, and acute kidney injury (AKI). AKI is generally
known to be associated with high mortality and morbidity, including risk of progression to chronic kidney disease
[6-12]. AKI in children with NS is believed to be a consequence of severe intravascular volume depletion, acute
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tubular necrosis, interstitial nephritis, or rapid progression of the original glomerular or genetic disease of the
patient [13]. Compared with other complications of NS,
AKI is considered relatively uncommon, with a reported
incidence of < 1% to 34% of the total pediatric population
with NS in earlier studies [2,14,15]. In contrast, a recent
study showed an AKI incidence of 51% in hospitalized
children [9,16]. Such a difference in AKI incidence implies that the current knowledge of this NS complication
is insufficient. Furthermore, there has been no comprehensive report on the incidence and risk factors of AKI in
patients with childhood-onset NS in Korea.
To enhance current knowledge, we investigated the
incidence, causes, and risk factors of AKI in hospitalized
patients with childhood-onset idiopathic NS in Korea.

Methods
Data source and case definitions
This was a single-center, retrospective study at a tertiary referral hospital in South Korea. This study was
approved by the institutional review board of Seoul National University Hospital (No. 1602-010-739). Diagnosis,
remission, and relapse of idiopathic NS were defined
according to the International Classification of Disease,
10th revision of the Centers for Disease Control and
Prevention (https://www.cdc.gov). Records of all hospitalized patients with childhood-onset NS at our center
between January 1, 2015 and July 31, 2017 were reviewed.
Patients were excluded if 1) diagnosed as hereditary NS
or NS secondary to other systemic diseases such as systemic lupus erythematosus, Henoch-Schölein purpura,
or immunoglobulin A nephropathy; 2) diagnosed with
chronic kidney disease stage II or higher; 3) glomerulonephritis or other uncertain findings were found pathologically; 4) admitted for elective kidney biopsy or infusion of prescheduled intravenous methylprednisolone
or rituximab; or 5) admitted for management of other
conditions not related to NS. Age limitation was not applied. The remaining patients admitted for treatment of
NS or its complications were included in this study. Data
on patient characteristics, reasons for admission, and
medications administered on or during admission were
obtained. Moreover, medication history of cyclosporine
(CyA), tacrolimus, angiotensin-converting enzyme in-
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hibitors (ACEIs), angiotensin receptor blockers (ARBs),
intravenous methylprednisolone, and oral or intravenous
antibiotics was collated.
AKI was defined according to the 2012 Kidney Disease
Improving Global Outcomes (KDIGO) AKI guidelines as
increase in serum creatinine level to ≥ 1.5 times the baseline level or increase in serum creatinine level by ≥ 0.3
mg/dL within 48 hours [17]. The serum creatinine measurements at our institution are reported as isotope dilution mass spectrometry-traceable values. Baseline creatinine level was defined as the lowest creatinine value
obtained during the 3-month period before admission. If
this value was not available, the lowest creatinine value
obtained during admission was considered the baseline
creatinine level of the patient. If the highest value of serum creatinine level during an episode was < 0.5 mg/dL,
that episode was not considered to be AKI, as described
in an earlier pediatric study [18]. The estimated glomerular filtration rate was calculated using the bedside
Schwarz formula (0.413 × height/serum creatinine value;
in mL/min per 1.73 m2) [19-22].
With respect to causes of AKI, we attempted to find 1
main cause per case by reviewing the medical records
for symptoms and signs. Many patients had more than 1
condition, including infection, dehydration, and aggravation of NS, at the same time. However, only those with
clear evidence of significant infection when AKI developed, such as high C-reactive protein level and requirement for antibiotics, were considered to have infection as
their main cause of AKI. Dehydration was considered the
main cause of AKI when evidence of significant infection
was not present and symptoms of diarrhea, vomiting,
and/or decreased intake were evident. NS aggravation
was chosen as the main cause of AKI when patients had
no evidence of infection or dehydration but had signs
and symptoms of NS, namely sudden body weight increase or relapse of proteinuria.
Statistical analyses
Data are expressed as frequencies, percentages, median
values, and interquartile ranges. Hospitalization cases
that were complicated with AKI formed the AKI group,
and all other hospitalization cases made up the non-AKI
group. The two groups were compared using non-parametric statistical tests including chi-square test, Fisher’s
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exact test, and Mann-Whitney U test. The relationships
between AKI and its risk factors were analyzed using a multivariate logistic regression model including binary variables with a P < 0.05 in chi-square testing and other variables of interest. All analyses were performed using SPSS,
version 23 (IBM Corp., Armonk, NY, USA). A P value < 0.05
was considered statistically significant.

Results
Demographic and patient characteristics
A total of 166 patients with childhood-onset NS were
hospitalized 381 times during the study period. Of these,
100 hospitalizations of 32 patients with hereditary or secondary NS and chronic kidney disease were excluded.
Among the remaining 281 hospitalizations of 134 patients, prescheduled hospitalizations for intravenous
medication of methylprednisolone or rituximab (n = 130)
or hospitalizations not related to NS (n = 61) were excluded. Finally, a total of 90 hospitalizations of 65 patients
(male-to-female ratio 44:21) were included in this study.
The pathologic diagnoses of the subjects were minimal
change disease in 20 (30.8%), focal segmental glomerulosclerosis in 7 (10.8%), and C1q nephropathy in 2 (3.1%).
Of the 65 patients, 46 responded to initial steroid therapy
(steroid-sensitive NS) and 19 did not (steroid-resistant
NS); 16 patients were frequent relapsers (frequent-relapse
NS) and 48 were infrequent relapsers (infrequent-relapse
NS).

At hospitalization (n = 90), the median age of the patients was 7.8 years (interquartile range, 4.4-14.3 years).
A total of 64.6% of the hospitalizations were for management of NS itself, and the rest were for management of
NS complications. The most common reason for admission was infection (n = 43, 47.8%; upper respiratory infection [URI] in 11, acute gastroenteritis in 10, URI with
acute gastroenteritis in 5, influenza in 4, acute otitis media in 3, pneumonia in 3, sepsis in 3, peritonitis in 2, viral
meningitis in 1, and cellulitis in 1 patient), followed by
NS aggravation (n = 39, 43.3%) and dehydration including hypovolemic crisis (n = 8, 8.9%). There were no cases
of thromboembolism in our study population during the
study period.
AKI incidence and risk factors
AKI occurred in a total of 29 hospitalizations (32.2%) of
26 patients, with a median AKI onset of 0 days after admission (range, 0-10 days). When the 2012 KDIGO AKI
guidelines were applied, the highest stage of AKI was I in
11 (37.9%), II in 7 (24.1%), and III in the remaining (37.9%)
AKI cases. The median resolution time of the AKI episodes was 7 days (range, 1-27 days). None of the patients
required renal replacement therapy or intensive care,
and there was no mortality. The causes of AKI were infection in 12 (41.4% of the AKI group), NS aggravation in
11 (37.9%), and dehydration in 3 (10.3%) cases, whereas
there was no identifiable cause of AKI other than high-
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Figure 1. Causes of acute kidney injury (AKI) complicating
hospitalization of patients with childhood-onset nephrotic
syndrome. AKI occurred in 32.2% of hospitalizations related to
childhood-onset nephrotic syndrome (NS) during the study period.
The most common cause of AKI was infection (n = 12), followed by
aggravation of NS (n = 11), dehydration (n = 3), and possibly highdose intravenous methylprednisolone (mPD) treatment (n = 3).

Non-AKI

AKI

Figure 2. Age distribution between groups according to the
Mann-Whitney U test. It showed that patients in the acute kidney
injury (AKI) group were older at admission than those in the nonAKI group (median age, 11.3 vs. 7.1 years; P = 0.007). However,
there were no statistically significant differences in age at onset (P =
0.054) or duration of illness (P = 0.117).
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Table 1. Patient characteristics and clinical data during admission: AKI group vs. non-AKI group
Variable
Sex, male:female
Age at admission (yr)
Onset age (yr)
Duration of illness (mo)
Pathologic findings
MCD
FSGS
C1q
Others (including “not done”)
Medications on or during admission
CyA
Tacrolimus
ACEIs
ARBs
Methylprednisolone
Antibiotics (PO or IV)
Medications during admission, combined
RASi
CyA with RASi
Tacrolimus with RASi
CyA or tacrolimus with RASi
Reason for admission
Deterioration of NS
Complication of NS
Evidence of infection (+)
Evidence of dehydration (+)
Initial response
Sensitive to steroid
Resistant to steroid
Relapse pattern§
Frequent relapse
Infrequent relapse
Relapse number
Body weight difference (%)
Serum albumin at admission (g/dL)
Uric acid (mg/dL)
Uric acid at admission
Uric acid during admission
Blood urea nitrogen (mg/dL)
Urine P/Cr ratio
Drug level (-7 to +7 d of admission)
CyA (ng/mL)
Tacrolimus (ng/mL)
Duration of admission (d)

AKI (n = 29 hospitalizations)
22:7*
11.3 (6.7-16.0)
5.6 (2.9-9.2)
42 (6-74.5)

Non-AKI (n = 61)
37:24*
7.1 (4.1-12.3)
4.0 (2.6-6.6)
17 (0-50.5)

P value
0.156†
0.007‡
0.054‡
0.117‡
0.944†

17 (58.6)
3 (10.3)
1 (3.4)
8 (27.7)

15 (24.6)
5 (8.2)
2 (3.3)
39 (63.9)

16 (55.2)
5 (17.2)
17 (58.6)
4 (13.8)
11 (37.9)
7 (24.1)

24 (39.3)
8 (13.1)
33 (54.1)
6 (9.8)
14 (23.0)
13 (21.3)

0.158†
0.603†
0.687†
0.577†
0.138†
0.763†

22 (75.9)
12 (41.4)
5 (17.2)
15 (41.4)

39 (63.9)
15 (24.6)
7 (11.5)
22 (36.1)

0.425†
0.034†
0.513†
0.062†
0.721†

15 (51.7)
14 (48.3)
14 (48.3)
3 (10.3)

34 (55.7)
27 (44.3)
28 (45.9)
5 (8.2)

22 (75.9)
7 (24.1)

41 (67.2)
20 (32.8)

0.833†
0.738†
0.280†

0.403†
5 (17.2)
24 (82.8)
1 (0-3)
11.3 (4.9-17.6)
1.8 (1.6-2.1)

17 (27.9)
43 (72.1)
1 (0-3)
6.9 (3.3-15.2)
1.9 (1.6-2.2)

0.470‡
0.179‡
0.582‡

7.8 (6.5-8.9)
6.7 (3.2-7.7)
32 (14.5-41)
12.0 (8.6-19.3)

5.7 (4.5-6.9)
5.3 (4.3-6.3)
12 (9.5-19)
14.9 (7.0-31.0)

<0.001‡
<0.001‡
<0.001‡
0.796‡

87.8 (46.6-119.4)
5.9 (3.5-7.9)
12 (5.5-19)

72.3 (40.2-106.6)
6.1 (4.0-7.9)
6 (3.5-13.5)

0.706‡
0.950‡
0.002‡

Data are presented as number of cases, median (interquartile range), or number (%).
ACEI, angiotensin-converting enzyme inhibitor; AKI, acute kidney injury; ARB, angiotensin receptor blocker; C1q, C1q nephropathy; CyA, cyclosporine; FSGS, focal
segmental glomerulosclerosis; IV, intravenous; MCD, minimal change disease; NS, nephrotic syndrome; P/Cr, protein/creatinine; PO, oral; RASi, renin-angiotensin
system inhibitor.
*Proportion of the cases; †chi-square test; ‡Mann–Whitney U test; §One patient was lost to follow-up after the first episode (current admission).
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dose intravenous methylprednisolone administration in
3 (10.3%) cases (Fig. 1).
Comparing the AKI and non-AKI groups, patients in the
AKI group were older than those in the non-AKI group
(P = 0.007) (Fig. 2). However, no statistically significant
differences were observed between the AKI and nonAKI groups in sex; age at onset of NS; pathologic diagnosis; duration of NS; sensitivity to initial steroid therapy
(steroid-sensitive NS vs. steroid-resistant NS) or relapse
type (frequent-relapse NS vs. infrequent-relapse NS); reason for admission; use of CyA, tacrolimus, ACEIs, ARBs,
methylprednisolone, or antibiotics during admission;
number of relapses during the previous admission year;
or body weight gain (%) on admission (Table 1). Patients
using CyA and ACEIs or ARBs (renin-angiotensin system
inhibitor [RASi]) were more common in the AKI group.
To investigate the risk factors for AKI, we a priori selected
sex, steroid-resistant NS, medications (CyA, tacrolimus,
RASi, and methylprednisolone), and infection based on
a literature review. The significantly different variables
between the AKI group and non-AKI group (age ≥ 9 years
at admission and CyA + RASi) were included in the multivariate regression model are were associated with AKI
(P = 0.008, odds ratio [OR], 3.783; P = 0.018, OR, 3.440,
respectively; Table 2).
With respect to the laboratory findings, the serum levels
of albumin and cholesterol at the time of admission, proteinuria (urine protein/creatinine ratio, in mg/mg) at admission, and trough level of calcineurin inhibitors (CNIs)
were not statistically significantly different between the
AKI and non-AKI groups. Blood urea nitrogen (BUN;
32 vs. 12 mg/dL) and uric acid (7.8 vs. 5.7 mg/dL) levels
at admission were significantly higher in the AKI group
than in the non-AKI group. The uric acid level was higher
in the AKI group than in the non-AKI group throughout
the admission period, with a median uric acid level of 6.7
mg/dL (vs. 5.3 mg/dL in the non-AKI group, P < 0.001).
The hospitalization duration was longer in the AKI
group (median of 12 days vs. 6 days in the non-AKI group,

P = 0.002) (Table 1).
AKI associated with methylprednisolone pulse therapy
Of the 29 AKI hospitalizations, there were 3 cases of AKI
development or aggravation with high-dose intravenous
glucocorticosteroid administration. All of those patients
were males and were taking CNIs and ACEIs. The pathologic diagnosis was minimal change disease in all 3 cases,
and their lengths of stay were comparatively longer than
the median hospital days of others with AKI (21, 80, and
28 days in the methylprednisolone-induced AKI cases
vs. 7 days in other AKI cases). The 3 admissions were all
associated with infection (URI, influenza, and sinusitis,
respectively) at admission; however, only 2 patients had
been prescribed oral and intravenous antibiotics (P2 and
P3) (Table 3). With resolution of infection, high-dose steroid therapy was used to manage refractory NS. The patients showed a sudden increase in creatinine level after
administration of high-dose (30 mg/kg) methylprednisolone, and discontinuation of methylprednisolone along
with supportive care resulted in recovery of renal funcTable 2. Risk factors associated with acute kidney injury*
Category
Sex
Age, ≥ 9 yr
SRNS
Medication
CyA
Tacrolimus
RASi
CyA with RASi
Methylprednisolone
Evidence of infection

P value*
0.112
0.008
0.216

OR (95% CI)
2.358 (0.818-6.802)
3.783 (1.416-10.103)
0.453 (0.129-1.588)

0.887
0.265
0.407
0.018
0.239
0.964

1.145 (0.178-7.359)
2.344 (0.524-10.494)
0.588 (0.168-2.061)
3.440 (1.235-9.578)
2.087 (0.614-7.095)
0.975 (0.328-2.897)

CI, confidence interval; CyA, cyclosporine; OR, odds ratio; RASi, renin-angiotensin
system inhibitor; SRNS, steroid-resistant nephrotic syndrome.
*Adjusted for sex, age > 9 years, use of CyA, initial response to steroid, RASi, CyA
with RASi, and association with infection in the multivariate logistic regression
model.

Table 3. Characteristics of patients with acute kidney injury associated with methylprednisolone pulse (mPD) therapy
Patient

Sex

Age (yr)

P1
P2
P3

Male
Male
Male

18
6
5

Onset Duration of Pathologic Number of Hospital
age (yr) illness (mo) findings relapses (1 yr) days
17.1
6
MCD
4
21
6.7
1
MCD
1
80
4.8
0
MCD
0
28

Medications used during admission
CyA, ACEI, mPD
CyA, FK, ACEI, mPD, antibiotics
CyA, MMF, ACEI, mPD, antibiotics

Reason for
admission
Infection
Infection
Infection

ACEI, angiotensin-converting enzyme inhibitor; CyA, cyclosporine; FK, tacrolimus; MCD, minimal change disease; MMF, mycophenolate mofetil.
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Figure 3. Creatinine trend in patients with acute kidney injury that was possibly associated with methylprednisolone. (Arrows mean
methylprednisolone pulse therapy.) (A) Patient 1, (B) patient 2, (C) patient 3. Three patients showed acute kidney injury aggravation and/or
development with high-dose intravenous methylprednisolone administration. With supportive care and discontinuation of methylprednisolone, all three recovered to baseline creatinine level.

tion (Fig. 3). The characteristics of these 3 cases did not
differ from those of the other 22 non-AKI hospitalization
cases in which methylprednisolone was also administered (data not shown).

Discussion
In our study, one-third (32.2%) of childhood-onset NS
hospitalizations were complicated by AKI. Compared
with some earlier studies reporting an AKI incidence as
low as < 10% in pediatric NS [23,24], the AKI incidence
in our study is much higher. However, recent studies
have shown that the AKI incidence in idiopathic NS has
increased [1,2,9]. Rheault et al [1] found that 50.9% of NS
hospitalizations were complicated by any pRIFLE (Pediatric Risk, Injury, Failure, Loss, End stage renal disease)
stage of AKI in a multicenter study. Compared with their
study, we found a lower incidence of AKI. The higher
AKI incidence may partly stem from a greater awareness
of AKI and application of the KDIGO guideline criteria.
Another explanation may be related to a selection bias, as
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our study was conducted at a tertiary hospital with a high
concentration of patients with more severe NS and where
many of the patients were aggressively treated with CNIs
and RASis. CNIs and RASis are well-known nephrotoxic
agents [1,25], as supported in our study. Nevertheless, the
high AKI incidence is concerning, and close monitoring is
needed to appropriately treat patients with AKI especially
in the early period of hospitalization considering that the
median onset of AKI was day 0 of hospitalization. As expected, our study found longer hospital stays in the AKI
group than in the non-AKI group (median 12 vs. 6 days, P
= 0.002), which would result in higher medical costs and
increased possibility of hospital-acquired infections and
other related complications [1,2,16].
The etiology of AKI in NS includes pre-renal AKI with
intravascular volume depletion; exposure to nephrotoxic
medications including CNIs, ACEIs, ARBs, and antibiotics; acute tubular necrosis; sepsis; renal vein thrombosis; and infections such as peritonitis and interstitial
nephritis [26]. In our study, the most probable causes of
AKI were infections and intravascular volume depletion

Kim, et al. AKI in childhood-onset nephrotic syndrome

associated with aggravation of NS and dehydration. As all
of our patient admissions were for management of NS or
NS complications, it can be assumed that most of the patients had volume depletion to some degree. With respect
to nephrotoxic medications [1,2,27], 56.7% of our cases
were treated with CNIs, 66.7% with RASis, and 22.2% with
antibiotics. Statistical analysis showed that CyA in combination with RASi was associated with AKI (Table 1). CNIs
and RASi are known to decrease glomerular perfusion;
therefore, using these medications in situations with intravascular volume depletion would lead to AKI. Therefore, precautions should be taken when administering
these medications to patients with NS.
The comparison of characteristics revealed that patients in the AKI group were older at hospitalization than
those in the non-AKI group (median, 11.3 vs. 7.1 years).
Other characteristics, except for medication, were not
different between the two groups. Multivariate analysis
showed similar results, indicating that age ≥ 9 years at
admission was significantly related to AKI. Our study is
limited by the small number of subjects and the inclusion of non-pediatric patients (n = 8), which might have
biased the results. Nonetheless, we speculate that the
poor compliance of adolescents or the rapid changes in
metabolism associated with this period of development,
along with possible over- or under-dosage of medication
for the physiology of the patients, may have been contributing factors. A similar finding was observed in an earlier
study showing that patients aged > 9 years had higher
ORs of AKI incidence than younger patients, but without
statistical significance [1]. In contrast, previous studies
found steroid-resistant NS to be a risk factor of AKI [1,28],
whereas our study found that initial response to steroid
and pathologic diagnosis were not statistically significant.
In a comprehensive multicenter study by Rheault et al [1],
non-white race and presence of infection were found to
be additional risk factors for AKI along with nephrotoxic
medications (number, duration, and intensity). As our
study has the shortcomings of being a small, retrospective, single-center study, a large-scale multicenter study
is needed to clarify the significance of our findings.
With respect to the laboratory results, the serum uric
acid and BUN levels at the time of admission were higher
in the AKI group (uric acid 7.8 vs. 5.7 mg/dL, BUN 32 vs.
12 mg/dL; P < 0.001 for both), whereas the serum albumin levels were not different between the two groups

(1.8 vs. 1.9 g/dL, P = 0.582). Although high uric acid and
BUN levels are expected findings in AKI, they might also
indicate more severe volume depletion in these patients.
The tendency of higher uric acid level in the AKI group
was also observed over the 12 months before admission
(data not shown), in addition to at admission. This finding raises the question of whether patients with higher
uric acid level are more prone to AKI. As hyperuricemia
is known to cause renal injury through crystal formation
or reactive oxygen radical production and inflammatory
mediator-related mechanisms [29-31], the answer might
be yes; however, further studies are needed to answer
this question with certainty.
Interestingly, we observed AKI aggravation and/or
development along with high-dose intravenous methylprednisolone therapy in 3 cases. Although methylprednisolone pulse therapy is a well-known treatment for
children with steroid-resistant NS [32-36], some studies
reported that this medication induces AKI. Sakemi et al
[37,38] reported that 3 of 25 patients who received methylprednisolone pulse therapy experienced progressive
deterioration of renal function, with recovery of renal
function on discontinuation of methylprednisolone. They
found that hypoproteinemia was the most important
index for differentiation between the AKI and non-AKI
groups among patients receiving methylprednisolone
pulse therapy. However, in our study, serum albumin
level was not lower in AKI cases (1.8, 1.9, and 2.9 g/dL)
than in the other 22 non-AKI cases with methylprednisolone treatment. The mechanism of methylprednisoloneinduced AKI is still unclear, although sodium and water
retention similar to mineralocorticoid and interstitial
edema has been proposed, rather than tubular necrosis [37,39]. Renal histology was not obtained for our
study cases at the time of AKI; consequently, we have no
knowledge of any possible tubular damage involvement.
Nevertheless, as was the case in earlier studies, all 3 patients in our study recovered from AKI after discontinuation of high-dose methylprednisolone administration.
Physicians should be aware that methylprednisolone
pulse therapy could be associated with AKI in some patients, although the condition is reversible with cessation
of medication. Thus, close observation and monitoring
are necessary for patients undergoing high-dose glucocorticoid therapy.
In conclusion, the incidence of AKI in hospitalized Ko-
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rean patients was rather high at > 30%. The main causes
of AKI were infection, NS aggravation, dehydration, and
possibly high-dose methylprednisolone therapy. Older
age at admission and combined use of CyA and RASi
were found to be risk factors in hospitalized Korean patients with childhood-onset NS. As the AKI incidence is
high, AKI should be considered during management of
such patients, especially when they are treated with CNIs
and RASis. Furthermore, most AKI cases were incidentally diagnosed at the time of admission, and close observation and monitoring are needed especially in the early
period of hospitalization.
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