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Review Article

Review

Kidney adverse events from
tyrosine kinase inhibitors

Phoom Narongkiatikhun, Kajohnsak Noppakun
Division of Nephrology, Department of Internal Medicine, Faculty of Medicine, Chiang Mai University

Abstract

Tyrosine kinase inhibitors (TKIs) are one of the oncologic molecular targeted therapies interfering with cellular
signal transduction by inhibiting the phosphorylation of tyrosine residue within substrate protein, resulting in down
regulating cell proliferation and cell differentiation processes. Currently, TKls are widely used to treat various types
of malignancy due to their benefit of delaying tumor progression and increasing patient’s survival compared with
conventional chemotherapies. Nonetheless, a large number of publications have reported kidney complications
associated with these drugs including but not limited to acute kidney injury, acute glomerulonephritis, nephrotic
syndrome, and electrolyte imbalances. Hence, awareness of these complications and regular laboratory monitoring
is crucial for early detection in these groups of vulnerable patients. This article aimed to review the current data
of TKls on kidney complications regarding pathophysiology, management, and monitoring strategies. Also, a case is
presented of one patient with gastrointestinal stromal tumor (GIST) at the stomach received sunitinib and developed

acute kidney injury and nephritonephrotic syndrome suspected from TKIs.

Keywords: tyrosine kinase inhibitors, kidney adverse event, sunitinib
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Tyrosine Kinase
Inhibitors (TKis)

Cellular Based

JUN 2 nMduunersnvuzsuuugsthsyauluananagy TKis'

AU IWIERe EGFR uaztiineangvisiiuvatsnaln iy o1
sunitinib fleangyas VEGFR* wag PDGFR® LHudu
otalsfinnunuimdsandinisldsngudenanuniy
Fufinsrenuiennedulifisuszasdmela Tdun ane
Tnuiaduidsundy angladniau waglusiuilutlaane
sudsnruinunfivenndeusludon (meedt 1) !

Sunitinib ¢ Cabozantinib
Sorafenib e« Lenvatinib

Pazopanib ¢ Vandetanib
Axitinib

Lestaurtinib
Tandutinib

Afatinib
Erlotinib
Gefitinib

Imatinib
Nilotinib
Ponatinib
Dasatinib
Bosutinib

BCR-ABL, breakpoint cluster region-abelson; EGFR, epidermal growth factor receptor; PDGFR, platelet-derived

growth factor receptor; VEGFR, vascular endothelial growth factor receptor
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¥89 TKI Urayyiln®

We13aIIIMEIvRINITAAn1lUNIUsTaIANI9Le
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2. amladeu
3. AMEnAausHAUNd
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Receptor TKls, VEGF family

< a 1
sreuauduiueole

nephritis Weanasaludonsn

Sunitinib mmﬁuiaﬁmq\‘l TsAusalullaanes MCD/FSGS, acute interstitial nephritis, chronic interstitial
nephritis

Pazopanib awshiladings TusAuslutlaany

Axitinib awsiladings Tusiudrlutlaany

Sorafenib mmﬁiﬂaﬁmqa Iﬂiau%"ﬁu{]am’sz MCD/FSGS, acute interstitial nephritis, chronic interstitial

Regorafenib

Anusulaings wearlesalwdons unaleuludens WWsuslulaans lauvadudsundu

Vandetanib

Anusuladings nuna@enluiondn wraleuludens

Cellular TKls, BCR-ABL

Imatinib Acute tubular necrosis nsaaEfveINENLLE (rhabdomyolysis) Weaneyaludens

Nilotinib ANUUladings

Ponatinib AuUlaiing

Dasatinib ﬂ’liaa’laﬁ’maﬁﬂﬁ’]mﬁl@ acute tubular necrosis TUsAusaludfaaniz thrombotic
microangiopathy

Bosutinib woanesaludend

FSGS, focal segmental glomerulosclerosis; MCD, minimal change disease; TKIs, tyrosine kinase inhibitors; VEGF,

vascular endothelial growth factor
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dwlngiintu TKis fifkasesiy VEGF was VEGFR iwu
g1 sunitinib wazen sorafenib Hunalnang 9 Aumtives
VEGF way VEGFR Usznauniy

1. nsanasvasUiunalumineanlad (nitric oxide)

TunngUnd VEGF ﬁmﬂwﬁiumiﬂisﬁumﬁa%a nitric
oxide NWadUHTavaaniden (endothelial cell) WuNs
ﬂiz&j‘u nitric oxide synthase %4 nitric oxide 1Huansiid
gnSvenevaeaidenlusinie suddiviiilaensee
mm’m@um’mawamaafﬂLﬁafﬂﬁlm pressure natriuresis
waz tubuloglomerular feedback” fathudiofinsseduns
genqusves VEGF vhlusuas nitric oxide anad dwwalit
Aannzluieudalusanie hanisuesivesvaenidonuas
lgnzanuuladings

2. MIAAAMUNUILUUVBIIADAADATUIALAN (Micro-
vascular bed)

viofiFuninusingnsal rarefaction 1ingNN"5A VEGF

ldanusanseiusasaianInnisasamaenidionliniuun
danalmnumuiuiuvewasaidenanas nsifiuduves
AUAIUNIUYBIAEALEDATTIINY LaTinn1IzAILY
ladings®

3. nsideAMaNUR anti-oxidative stress

nsuiuTuYes oxidative stress SlduAsadedlunens
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Bon lunnefid oxidative stress WiNTY $19M89zRBUEUDS
Tngnsifiunsnan VEGF fislnaauifsesu oxidative stress
wiiteuntleadoyntimvasniden’ msldfuendunisesngvs
VEGF vinlidsamaud@sinanly dwaliiinniizainudu
ladings

aladen

grlungy TKis aunsaviliAnangladeuls sumg
werBanmTswnieing 9 vedasaiemelule weiiusom
vaeadenlnawesda vaoaresln way nterstitium lag
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TMA g FSGS collapsing variants
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FureTamsranuidindenunauazlusiulutiaans® (Uit 3)
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Tubular toxicity
- BCR-ABL TKils
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Hypophosphatemia

- Anti EGFR TKls
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- Anti VEGF TKIs

- Anti PDGFR TKils
- Anti EGFR TKis

Convoluted Tubule
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- Anti EGFR TKils
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BCR-ABL, breakpoint cluster region-abelson; EGFR, epidermal growth factor receptor; PDGFR, platelet-derived growth

factor receptor; TKis, tyrosine kinase inhibitors; VEGF, vascular endothelial growth factor
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Review

Thyroid hormone disorders and kidney disease

Nipon Nakornnoi, Sukit Raksasuk
Division of Nephrology, Faculty of Medicine, Siriraj Hospital, Mahidol University

Abstract

Many interactions between the thyroid and kidneys occur in each organ’s disease states. The thyroid hormone
affects kidney growth development and physiology, particularly the renin angiotensin aldosterone system (RAAS),
cardiovascular system, and renal blood flow. Moreover, the thyroid hormone produces an intrinsic renal effect by
which it increases renal blood flow and glomerular filtration rate associated with increased size of renal tubules and
the glomerulus. It also affects the function membrane transporters. Therefore, thyroid disorders lead to abnormal
kidney functions in aspects of abnormal glomerular filtration rate, electrolyte imbalances, and glomerular diseases.
In contrast, chronic kidney diseases affect thyroid functions, for instance, reduced T3 levels (low T3 syndrome). In
addition, the incidence of hypothyroidism is increased among patients with chronic kidney disease. Related studies
have demonstrated an association between low T3 levels and overall mortality, but lack data supporting that thyroid

hormone replacement therapy has benefit.

Keywords: chronic kidney disease, thyroid disorder, hypothyroidism, hyperthyroidism
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Thiazide-induced hyponatremia

Wirayut Silakun, Laddaporn Wongluechai

Renal Division, Department of Medicine, Maharat Nakhon Ratchasima Hospital

Abstract

Drug-induced hyponatremia is the most encountered problem especially diuretics because of its common use
for treatment hypertension and extracellular volume expansion. Thiazides comprise drugs which potentially cause
hyponatremia in susceptible patients despite understanding several potential risk factors of patients such as elderly
age, female sex, low body mass, multiple comorbidities, polydipsia, hypokalemia, and concomitantly used drugs
associated with impaired water excretion. Once hyponatremia developed, usually within two to three weeks after
initiation, significant morbidity was observed of thiazide-induced hyponatremia among patients, while this condition
could not be predicted individually. Mechanisms of thiazide-induced hyponatremia include excessive water intake,
impaired free-water excretion with AVP dependence and AVP independence in the inner medullary portion and solute
depletion. The SLCO2A1 allele was recently discovered with an encoding prostaglandin transporter suggesting the
role of renal prostaglandins via increased water reabsorption through prostaglandin E receptor (EP4) signaling.
Another uncertain mechanism involved the causal pathway of thiazides and renal prostaglandin. However,
understanding these mechanisms and potential risk factors to the patients may identify those more likely to develop
hyponatremia from thiazide use. Treatment of thiazide-induced hyponatremia must be avoid overcorrecting chronic
hyponatremia by correct hypokalemia, correct solute depletion, continuous monitoring of urine output, and never
repeating use.

Keywords: thiazide, hyponatremia, pathophysiology
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Review

Depression in chronic kidney disease

Fadhil A-hamad Saleh-arong, Bancha Satirapoj
Division of Nephrology, Department of Medicine,
Phramongkutklao Hospital and College of Medicine

Abstract

Depression is highly prevalent in chronic kidney disease (CKD), including those with end stage renal disease (ESRD)
on dialysis. Depression is associated with poor quality of life and increased mortality. Self-reported questionnaires
have been used to screen depression, and patients who screen positive for depression should be referred to a
qualified professional to confirm the diagnosis with a clinical interview. Risk factors associated with depression in
CKD are diverse. Potential explanations for the high burden of depression observed among patient with CKD can be
divided in those related to primary depression and to secondary depression from clinical illness. Limited evidence
exists for a general recommendation to routinely use antidepressive agents, including types and dosages in CKD
populations. Many gaps remain in current knowledge of depression in CKD. Further investigation on the mechanisms,

prevention and treatment of depression in these populations are required.

Keywords: depression, epidemiology, chronic kidney disease
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Review

Sarcopenic among patients with
chronic kidney disease
Neti Sunsandee, Bancha Satirapoj, Ouppatham Supasyndh

Division of Nephrology, Department of Medlcine,
Phramongkutklao Hospital and College of Medicine

Abstract

Sarcopenia is an important problem and a high prevalence among patients with chronic kidney disease has
been associated with increased morbidity and mortality. The main causes related to declining renal function
comprise hormonal change and chronic inflammation. These contribute to loss of protein synthesis in the muscles
and increases muscle fiber degradation. Definitions of sarcopenia involve low muscle strength and muscle quantity
or quality leading to low physical performance. Diagnosis is defined by history taking, physical examination,
imaging study for muscle cross-sectional area, determining appendicular skeletal muscle mass by DEXA and physical
performance testing such as gait speed, ¢rip strength and short physical performance battery. The main prevention
and treatment strategies of sarcopenia in chronic kidney disease include increased exercise training, nutritional

supplements, correction of metabolic acidosis, hormone replacement therapy, and antisarcopenic agents.

Keywords: sarcopenia, chronic kidney disease, muscle wasting
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Prevalence and pathophysiology of hypokalemia among

adult patients with dengue viral infection

Charoen Kaitwatcharachai, Pongpot Namasae
Division of Internal Medicine, Hat Yai Hospital, Songkhla, Thailand

Abstract

Background: Dengue viral infection (DVI) is one of the major public health problems in Thailand and many parts
of the world. Renal complications and electrolyte imbalances in DVI have reportedly increased. Even though the
prevalence of hypokalemia is common, the mechanisms of hypokalemia remain uncertain.

Methods: This study employed a retrospective cross-sectional design to investigate admitted patients with DVI at
the Division of Medicine, Hat Yai Hospital, Songkhla from 2011 to 2016. This investigation included patients who
were 1) >15 years 2) admitted at the Internal Medicine Division with DVI dependence on clinical appearances and
confirmed by either dengue NS1 antigen or IgM antibody to dengue infection. Patients with pre-existing renal disease
and prescribed diuretics were excluded from this study.

Results: This study included 383 patients. The mean serum potassium concentration was 3.75+0.53 mEg/L.
and hypokalemia developed among 129 patients (33.7%). Hypokalemia was mild and moderate among 121 (93.8%)
and 8 (6.25) patients, respectively. This study demonstrated that age, clinical manifestations, and virus serotypes
did not differ between hypokalemia and nonhypokalemia cases. Hypokalemia occurred more frequently among
females. Six patients with hypokalemia were additionally investigated. Five patients were female and experienced DHF
grade I. Interestingly, these 5 patients had urine potassium to creatinine ratio higher than 13 mEg/¢Cr and all patients
had transtubular potassium gradient higher than 3.

Conclusion: Hypokalemia was common among adult patients with dengue virus but not associated with severity of

illness or clinical manifestations. The proposed mechanism of hypokalemia was due to renal loss.

Keywords: hypokalemia, dengue viral infection, electrolyte imbalance
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Background

Dengue viral infection (DVI) is one of the major
public health problems in Thailand and many parts of the
world. DVI is caused by a virus of the Flaviviridae family
and the 4 different serotypes are labeled DEN-1, DEN-2,
DEN-3, and DEN-4. Clinical manifestations of DVI vary highly
from asymptomatic to multi-organ dysfunction and death.
Renal complications and electrolyte imbalances in DVI
were reportedly increased.”” Among electrolyte distur-
bances, hyponatremia is the most common electrolyte

"> The prevalence of hyponatremia

abnormality in DV
accounted for as high as 72%." Hypokalemia commonly
occurred as well. The prevalence of hypokalemia ranges
from 13 to 42.1%.”* Most patients with hypokalemic
experience mild and asymptomatic conditions. However,
some patients developed hypokalemic quadriparesis.’
The mechanisms of hypokalemia remain uncertain due
to no obvious explanation for the hypokalemia such
as poor intake, medication, or gastrointestinal loss. The
proposed mechanisms included potassium redistribution
within cells, poor intake, and tubular renal loss due to
activation of rennin-angiotensin and aldosterone sys-
tems from volume depletion." Moreover, studies have
investigated the risk factors and mechanisms of hypoka-
lemia among adult patients with DVI. This study aimed
to determine the prevalence and the mechanisms of

hypokalemia among adult patients admitted with DVI.

Methods

Study Population

This study employed a retrospective cross-sectional
design investigating admitted patients with DVI at the
Division of Medicine, Hat Yai Hospital, Songkhla from 2011
to 2016. This investigation included patients who were
1) 215 years old, 2) admitted at the Internal Medicine
Division with DVI dependence on clinical appearances
and confirmed by either dengue NS1 antigen or IgM
antibody to dengue. Patients with pre-existing renal
disease and prescribed diuretics were excluded from
this study. Patients with dengue fever (DF) and dengue
hemorrhagic fever (DHF) were graded using World Health

Organization criteria.’ Patients with DHF were arranged in

three groups: grade | as mild DHF, grade Il as moderate
DHF, and grades lll to IV as severe DHF.

Data Collection

Serum sodium, potassium, chloride, and bicarbonate
were measured by indirect ion-selective electrode and
enzymatic kinetic UV assay using an automate analyzer.
Hypokalemia was diagnosed when serum potassium
concentration was less than 3.50 mEg/L. It could be
classified as mild 3.1 to 3.5 mEg/L, moderate 2.5 to
3.0 mEg/L and severe <2.5 mEg/L. Hyponatremia was
categorized as a serum sodium level <135 mEg/L.
Metabolic acidosis and alkalosis were classified when
serum HCO3 levels reachep <18 and >24 mEg/L,
respectively. Transtubular potassium gradient (TTKG)
and potassium to creatinine ratio were calculated. PCR
was also performed from 2013 to 2014. The study was
approved by the Institutional Review Board of Hat Yai
Hospital.

Statistical analysis

The chi-squared test was used to compare the
prevalence of categorical data between patients with
hypokalemia and those without. Continuous parameters
were compared between patients with hypokalemia
and those without using the two-independent t-test and
Mann-Whitney U test when appropriate. A p-value <0.05

was considered statistically significant.

RESULTS

The study included 383 patients. The mean age was
29.74+12.46 years, and 217 patients (56.7%) were female.
Among all patients, 318 (83.0%) were NS1 positive, 150
(39.2%) were IgM positive, and 85 (22.2%) were both NS1
antigen and IgM positive. DF and DHF were diagnosed in 66
(17.2%) and 317 (82.8%) patients, respectively. The mean
serum potassium concentration was 3.75+0.53 mEg/L,
and hypokalemia developed among 129 patients (33.7%).
Hypokalemia was mild and moderate in 121 (93.8%)
and 8 (6.25%) patients, respectively, while four patients
had serum potassium level more than 5.5 mEg/L.

The attributes of patients with and without hypokalemia
are summarized in Table 1. No significant differences

were observed in the medium age, proportion of
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vomiting, diarrhea, and the severity of DVI among with DF and 34.1% among patients with DHF; without
patients with and without hypokalemia (p value >0.05).  significant difference (p value = 0.725). The prevalence
Hypokalemia occurred more frequently among females.  of hypokalemia in different severity levels of DHF was

The prevalence of hypokalemia was 31.8% among patients ~ comparable.

Table 1. Comparison of demographic data and clinical manifestations of non-hypokalemic and hypokalemic groups

Non-hypokalemia

Hypokalemia

(n = 254) (n = 129)
Age (median+IQR) 26.0+£19.0 26.0+14.0 0.994
Sex, male (%) 122 (48.0) 44 (34.1) 0.009
Patients with vomiting (%) 123 (48.4) 50 (38.8%) 0.072
Patients with diarrhea (%) 67 (26.4) 26 (20.2%) 0.179
Dengue fever, (%) 45 (17.7) 21 (16.3) 0.725
Dengue hemorrhagic fever: 0.794

» mild (%) 133 (52.4) 64 (49.6)

« moderate (%) 43 (16.9) 23 (17.8)

 severe (%) 33 (13.0) 21 (16.3)

The initial laboratory findings of patients with  hypokalemia of 3.9+0.5 (P<0.001). No significant
and without hypokalemia are shown in Table 2. differences were observed in white blood cell
Patients with hypokalemia had expectedly lower serum  count, platelet count, bicarbonate level, and albumin

potassium levels of 3.3+0.2 mEg/L than those without — concentrations between the two groups (Table 2).

Table 2. Comparison of initial laboratory findings of non-hypokalemia and hypokalemia groups

Non-hypokalemia

Hypokalemia

(n = 254) (n = 129)

Hematocrit (%) 41.15+8.95 40.20+7.65 0.045
White blood cells (/uL) 3,825.0+3,545.0 3,750.0+3,285.0 0.408
Platelet count (/uL) 61,000+88750 58,000+71,500 0.613
Sodium (mEgy/L) 136.0+£4.0 137.0+5.0 0.022
Potassium (mEg/L) 3.9+0.5 3.3+0.2 <0.001
Chloride(mEg/L) 103.0+7.0 104.0+7.0 0.003
Bicarbonate (mEg/L) 23.0£5.0 23.0+0.5 0.916
BUN (mg/dL) 11.0£7.0 10.0£5.0 <0.001
Creatinine (mg/dL) 0.81+0.34 0.69+0.32 0.001
Albumin (g/dL) 3.71+0.62 3.70+0.70 0.667
Prevalence
Hyponatremia (%) 88 (34.6) 34 (26.4) 0.10
Metabolic alkalosis (%) 78 (30.7) 38 (29.5) 0.801
Type of DEN Virus (%) 0.9

DEN-1 2 (5.3%) 1 (4.3%)

DEN-2 2 (5.3%) 2 (4.3%)

DEN-3 18 (47.4%) 9 (39.1%)

DEN-4 16 (42.1%) 12 (52.2%)

Abbreviation: uL; microliters, mEq/L; milliequivalent per liters, mg/dL; milligram per deciliters, ¢/dL; gram per deciliters
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Although both groups had different sodium and
chloride levels, the proportion of hyponatremia and
metabolic alkalosis did not significantly different
between patients with hypokalemia and those without.
Hematocrit level, BUN, and serum creatinine levels
were slightly lower but statistically significant in the
hypokalemic group. Among 62 patients, further

investigated for type of dengue serotypes, the majority

were DEN-3 and DEN-4. No relationship was found between
type of DEN and the occurrence of hypokalemia.

Six patients with hypokalemia were additionally tested
to explain the mechanisms of hypokalemia. Five patients
were female and experienced DHF grade I. Interestingly,
five patients had urine potassium to creatinine ratio
higher than 13 mEg/g Cr and all patients had TTKG higher
than 3 (Table 3).

Table 3. Clinical and laboratory findings in the patients with hypokalemia

(@13 | Age | Sex | Diagnosis Serum K Urine K TTKG* Urine K/Cr (mEg/g)
1 28 F DHF grade 1 3.2 14.0 3.6 7.8
2 40 F DHF grade 1 3.18 82.8 8.9 33.2
3 28 F DHF grade 1 3.41 47.4 13.9 20.3
a 43 F DHF grade 1 3.3 40.0 5.4 23.3
5 16 F DHF grade 1 3.2 40.0 7.8 28.8
6 42 M DF 3.3 46.0 5.2 16.6

* The trans-tubular potassium gradient (TTKG) = (urine K x plasma osmolality / serum K x urine osmolality)

Abbreviation: K; potassium, TTKG; the trans-tubular potassium gradient, Cr; creatinine, mEq/g; milliequivalent

per gram, F; female, M; male, DHF; dengue hemorrhagic fever.

Discussion

We found that the prevalence of hypokalemia
among adults admitted with DVI was about one third.
No associations were found between hypokalemia and
the clinical severity and serotype of DVI. Patients with
hypokalemia were more common among females, and
those with lower BUN and serum creatinine levels.
An additional investigation showed the cause of
hypokalemia was due to tubular renal loss, at least
in mild severity cases.

In this study, the prevalence of hypokalemia among
adults admitted with DVI was 33.7%. One study among
children found the prevalence of hypokalemia was only
15.3%°, while one study among adults showed a high
incidence of 42.6%." The prevalence of hypokalemia
seemed to be higher among adults. However, age-related
differences in prevalence of hypokalemia were poorly
explained and data on clinical features among adult

patients remain limited.” Hypokalemia was mild and as-

ymptomatic in the majority of patients in most studies.
In this study, no case of severe hypokalemia was found,
and no symptoms were related to hypokalemia. However,
dengue-associated hypokalemic paralysis could not be
ignored.

Reports on the relationship between the prevalence
of hypokalemia and the severity of DVI were conflicting.
Some reports including the report in this study
demonstrated that the mean serum potassium
concentration and prevalence of hypokalemia were
unrelated to severity, defined as DF vs DHF, of DVI.*®
Whereas Khandelwal Vinay G4 showed that mild
hypokalemia was more common in DF compared with
DHF whereas moderate and severe hypokalemia were
more common in DHF. However, when statistical analysis
was performed, the p-value was without significance, and
hypokalemic quadriparesis was reported in mild DVI.”

In this study, factors associated with the occurrence

of hypokalemia included being female, and BUN and
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creatinine levels. Several factors may influence disease
manifestations, including host factors, virus serotype or
genotype, sequence of virus infection, and differences in
dengue cross-reactive antibody and T-cell responses.’ The
explanation for the susceptibility of females developing
hypokalemia remain unclear. These factors had not been
mentioned before. Although the results of BUN and
creatinine significantly differed, clinical significance
improbable because their levels differed slightly and
remained within the normal range.

The pathophysiology behind developing hypokalemia
among these patients was not well understood. Hypokale-
mia can be caused by redistribution, low potassium intake,
or excessive loss of potassium in the urine or through
the Gl tract. Factors that cause redistribution such as
metabolic alkalosis and severity of DVI and the issue of
Gl loss in this study did not appear. Patients with
hypokalemia did not present diarrhea or vomiting more
frequently. In addition, six patients with hypokalemia
and additional tests showed that all patients had a TTKG
greater than 3 or urine potassium to creatinine ratio greater
than 13 mEg/g Cr, indicating tubular potassium loss. Thus,
this study found that the mechanism of hypokalemia was
caused at least by renal tubular loss. A combination of
mechanisms may be responsible for the hypokalemia
observed in dengue cases.

The limitations encountered of this study included
first, this research was based on a single center
retrospective observational study. Second, the dengue
serotype of 24 patients was unable to be identified.
Third, the analysis using the univariable model without
adjusting confounders might have caused limit
generalizability. Last, only six patients joined an
additional urine study to further investigate the cause of

hypokalemia.

Conclusion

Hypokalemia was common among adult patients
with dengue virus. The prevalence of hypokalemia
was not associated with severity of illness or clinical
manifestations. The proposed mechanism of hypokalemia

was due to renal loss.
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Outcomes of peritonitis among patients with
peritoneal dialysis: a comparison between
culture-positive and culture-negative peritonitis
Narongsak Watcharotone, Wasana Moungson, Thunyluck Luekhamhan,

Rungnapa Banlusook, Somsiri Pansaksiri
Division of Nephrology, Department of Medicine, Saraburi Hospital

Abstract

Background: Peritoneal dialysis-related peritonitis increased risks of morbidity and mortality among patients
undergoing peritoneal dialysis. The treatment decision depended on results of dialysate fluid culture but in culture-
negative peritonitis, antibiotics covering both gram positive and negative bacteria were selected. This study aimed to
analyze results of peritonitis treatment among patients undergoing peritoneal dialysis of our center.

Methods: This retrospective study collected all files of patients undergoing peritoneal dialysis in Saraburi Hospital
presenting peritonitis from January 2008 until December 2019 and analyzed treatment outcomes between culture -
positive and culture-negative groups.

Results: Two hundred seventy-eight patients completed the study. Of those 50.7% were men, patients’
age, diabetes, and hypertension were 52.93+14.91 years, 54.32%, and 33.81%, respectively. Peritonitis events
totaled 1.76+1.03 per person of which 21.59% involved negative culture. Staphylococcus species, E. coli and
Streptococcus species were common organisms in culture-positive peritonitis (28.83, 15.32, and 13.25%,
respectively). No different outcomes were found between culture-positive and culture-negative peritonitis groups in
duration of antibiotic administration, refractory peritonitis, catheter removal, and catheter re-insertion (10.38+10.50
days vs. 12.04+9.00 days, p = 0.138, 35.06 vs. 34.90%, p = 0.98, 31.95 vs. 29.24%, P=0.59, and 22.76 vs. 19.35%,
P=0.68, respectively). From all cases, 36.69% were changed to hemodialysis. No difference was observed in mortality
between culture-positive and culture-negative peritonitis groups (P=0.093).

Conclusion: In the present study, even though we found no difference in outcomes between culture-positive and
culture-negative peritonitis among patients with PD, it still constituted a major cause of catheter removal and change

of dialysis modality.

Keywords: peritonitis, peritoneal dialysis, chronic kidney disease
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Dialysate fluid culture (N 491 ﬂ%ﬁ)

P value
Positive (N=385) Negative (N=106)

Abdominal pain (%) 344 (89.35) 106 (100.00) 0.00
TK remove (%) 123 (31.95) 31 (29.24) 0.59
TK re-insertion 28 (22.76) 6(19.35) 0.68
WBC ﬂ%’jﬁLL’ﬁﬂ (per microliter) 3,375.68+250.01 2,850.92+443.58 0.32
PMN ﬂ%ﬂLLiﬂ (%) 81.77+21.25 78+21.13 0.18
WBC ﬂ%ﬁﬁ 2 (per microliter) 922.53+113.60 636.96+131.82 0.22
PMN ﬂ%ﬂﬁ 2 (%) 46.36+38.81 42.46+37.81 0.38
Refractory peritonitis (%) 135 (35.06) 37 (34.90) 0.98
Duration of treatment (day) 10.38+10.50 12.04+9.00 0.138
Ceftriaxone + Ceftazidime (%) 367 (95.32) 93 (87.73) 0.004
Gentamycin (%) 16 (4.15) 12 (11.32) 0.005
D/P creatinine (before) 0.70+0.12* 0.54+0.31°

D/P creatinine (after) 0.64+0.12* 0.51+0.30"

D/DO Glucose (before) 0.41+0.12%* 0.5240.17"

D/DO0 Glucose (after) 0.4140.11%* 0.38+0.05"

positive culture (N=13): * before- after P = 0.24 ** before- after P = 0.90
negative culture (N=4): t before- after P = 0.70 tt before- after P = 0.11
Abbreviation: TK; Tenckhoff catheter, WBC; white blood cell, PMN; polymorphonuclear neutrophil, D/P; dialysate

to plasma concentration

Hdl positive culture wuihwwedlvieffie Staphylococcus — nM15AAGBIT (fungus infection) 14 518 (Sewag 3.64)
species 509a4lUfio E.coli uay Streptococcus species  inuI18nIIN15500TINVeIINTNA culture positive uay
(Souay 28.83, 15.32 Uag 13.25 awadu) (5UN 2) §  culture negative IAuLmansafiun1aedis (P=0.46) (U 3)
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Associated factors to mortality and peritoneal dialysis
related complications among continuous ambulatory
peritoneal patients undergoing dialysis with hypokalemia

Laddaporn Wongluechai, Jirayupa Peawponsong

Renal Division, Medicine of Department, Maharat Nakhon Ratchasima Hospital

Abstract

Background: Patients with end stage renal disease treated with continuous ambulatory peritoneal dialysis (CAPD)
presented complications from hypokalemia status. These led to septic peritonitis, peritoneal dialysis (PD) technique
failure requiring changing the mode of renal replacement therapy to hemodialysis, involving malnutrition and
increased mortality rate.

Objectives: The study aimed to determine the prevalence of hypokalemia among patients with CAPD, and
associated factors causing hypokalemia and peritoneal dialysis related complications including peritonitis, technical
failure, hospitalization, and mortality.

Methods: A retrospective study using descriptive analysis among patients with CAPD was conducted more
than 6 months in the CAPD Clinic of Maharat Nakhon Ratchasima Hospital in fiscal year 2560. The patient’s
demographic data, peritoneal dialysis prescription, medications, and serum potassium level were collected. PD
related complications were collected among all patients and analyzed to compare between normokalemia and
hypokalemia groups.

Results: Totally, 400 patients with CAPD were included in this study with mean age 53 years. Males comprised
212 patients (53%) nearly equal to females. Diabetes mellitus and hypertension were the most common
comorbidities in the normokalemia and hypokalemia groups. Hypokalemia occurred among 347 patients (86.6%)
and the lowest mean potassium level was 2.4+1 mEg/L. No associations were found between age, sex, diabetes
mellitus, medications, PD prescription, glucose exposure, and ultrafiltration with hypokalemia. Technique failure, and
hospitalization significantly increased in the hypokalemia group; 16.4 compared with 5.7% (P=0.04), and 79.8 compared
with 64.2% (P=0.02), respectively. Septic peritonitis or in terms of CAPD totaled 41.5% in the hypokalemia group and
34% in the normokalemia group, without significant difference. However, the total episodes of septic peritonitis and
incidence of recurrent episodes increased in the hypokalemia group. Mortality did not differ between groups (24.5
and 20.8%, respectively, P = 0.69). The major cause of death and hospitalization were septic peritonitis.
Conclusion: Hypokalemia increased among patients with CAPD and constituted an important problem. Hypokalemia
increased the rates of septic peritonitis, technique failure, and hospitalization but without difference in mortality

compared with normokalemia.

Keywords: hypokalemia, continuous ambulatory peritoneal dialysis, associated factor
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Normokalemia

Hypokalemia

Patient Characteristics (N=53) (N=347) ‘ P value
Age (year, mean+SD) 53 (14) 46 (15) 54 (14) NS
Male sex (%) 212 (53) 36 (67.9) 176 (50.7) NS
Comorbidity NS
» Diabetes mellitus 127 (31.8) 13 (24.5) 114 (32.9)
* Hypertension 398 (99.5) 53 (100) 345 (99.4)
* Heart failure 22 (5.5) 3(5.7) 19 (5.5)
« Dyslipidemia 125 (31.2) 9(17) 116 (33.4)
« Coronary artery disease 8(2) 1(1.9) 7(2)
» Cerebrovascular disease 6 (1.5) - 6(1.5)
PD exchange volume (L/Day, %) 0.49
e<6L 36 (9) 3 (5.7) 33(9.5)
e>6-8L 359 (89.8) 49 (92.5) 310 (89.8)
«>8-10L 4(1.0) 1(1.9) 3(0.9)
> 10L 1(0.3) = 1(0.3)
Ultrafiltration (mL/day, %) 0.56
¢ < 500 69 (17.6) 6(11.3) 63 (18.2)
e > 500-1000 171 (42.8) 23 (43.4) 148 (42.7)
e > 1000-1500 108 (27.0) 15 (28.3) 93 (26.8)
e > 1500 52 (13.0) 9(16.9) 43 (12.4)
Prescription and glucose exposure 0.28
* 1.5%Dextrose 2L * 4 cycles 282 (70.5) 34 (64.2) 248 (71.5)
* 4.25%Dextrose 2L * 1 cycle plus 86 (21.5) 12 (22.6) 74 (21.3)
1.5%Dextrose 2L * 3 cycles
* 4.25%Dextrose 2L * 2 cycles plus 32 (8) 7(13.2) 25 (7.2)
1.5%Dextrose 2L * 2 cycles
Medication
e Insulin Therapy (%) 80 (20) 8 (15.1) 72 (20.8) 0.46
« Diuretic use (%) 276 (69) 35 (66) 241 (69.5) 0.63
» RAAS blockage (%) 161 (40.3) 21 (39.6) 140 (40.4) 1
« Potassium supplement (%) 106 (26.5) - 106 (30.5) -
« Alkali therapy (%) 59 (14.8) 9(17) 50 (14.4) 0.68
Laboratory
* Serum K (mEg/L) - - 2.4 (1) -
* Serum HCO, (mEg/L) 28.9 (9.8) 28 (3.2) 27.9 (4.1) NS
« Metabolic alkalosis (N, %) 299 (74.8) 42 (79.3) 257 (74.1) 0.5
e Serum albumin (g/dL) 2.86 (0.67) 2.97(0.78) 2.85 (0.68) NS
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Hypokalemia group ‘ N = 347
Serum Potassium (mEg/L, %)
e <20 1(0.3)
e > 20-25 19 (5.5)
e>25-30 134 (38.6)
°e>30-35 193 (55.6)
Potassium supplement 106 (30.5)
* 20 mEg/day (15 ml/day) 41 (11.8)
* 40 mEg/day (30 ml/day) 48 (13.8)
» 80 mEg/day (60 ml/day) 14 (4)
* > 80 mEg/day (> 60 ml/day) 3(0.9)
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Normokalemia

Hypokalemia

Parameters (N=53) (N=347) P value

Chronic constipation (N, %) 13 (24.5) 70 (20.2) 0.47
Malnutrition (N, %) 23 (43.4) 186 (53.6) 0.19
Catheter malfunction (N, %) 1(1.9) 11 (3.2) 1

Revised Tenckhoff catheter (N, %) 1(1.9) 13 (3.7) 0.7
Septic peritonitis (N, %) 18 (34) 144 (41.5) 0.37
Technique failure (N, %) 3 (5.7) 57 (16.4) 0.04
Hospitalization (N, %) 34 (64.2) 277 (79.8) 0.02
Mortality (N, %) 11 (20.8) 85 (24.5) 0.69
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Clinicopathological

A 32-year-old man with
hematuria and hemoptysis
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Vital signs: BT 36.8°c,BP 171/115 mmHg, PR 109/min,
RR 22/min

GA: A Thai male, good consciousness,

tachycardia, tachypnea, mild pallor, no

HEENT:
CVs:

RS:
Abdomen:

Extremities:

Neurological:

jaundice, no cyanosis, BW 105.4 kg,
Height 175 cm

Mild pale conjunctivae, no scleral icterus
PMI at 5" ICS MCL, normal S1 S2 sound,
SEM grade Il at 2™ Lt parasternal border
Fine crepitation at RLL

Globular shape, active bowel sound, no
organomegaly

Pittingedema 1+ at both lower extremities
intact CN, pupil 3 mm RTL BE, no motor
deficit

NAN13ATUHUANTS

CBC:

U/A:

ABG:

Chest film:

Hb 8.3 g/dL, Hct 25.3 9%, MCV 72.5 fL,
RDW 16.8 %, WBC 6,240/mm? (PMN 79 %,
L 109, M2 %, E 1 %), Platelets 378,000 /uL
pH 5.0, Sp.er. 1.029, albumin 2+, WBC
10-20 /HPF, RBC >100 /HPF

UPCI 1.02

BUN 14 mg/dL, Cr 0.9 mg/dL

Na 132, K 4.1, Cl 100, HCO, 24 mmol/L
Albumin 3.2 g/dL, globulin 3.3 ¢/dL, AST
34 U/L, ALT 34 U/L, ALP 195 U/L

HBs Ag -ve, Anti-HBs -ve, Anti-HCV -ve
Anti-HIV -ve

Anti-MPO Ab < 2 RU/mL, Anti-PR3 Ab
>200 RU/mL

pH 7.38, pO, 52.6 mmHg, pCO, 34.4
mmHg, HCO3 20.9 mmol/L, FiO2 0.21
(U 1)
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UM 1 A nSed@ingamsasennu reticular infiltration #
YanvN91uana

UM 2 dnwagniane sinerduiiledaany Interstitial

pneumonitis, alveolar hemorrhage

Sputum culture: -ve for mycobacterium, fungi, virus

Sputum PCR for TB -ve

Broncho-alveolar lavage: Mild chronic inflammation

Lung pathology (gﬂ‘ﬁ 2)

Renal pathology

Light microscopy (gﬂﬁ 3)

Glomeruli: 22 glomeruli, no g¢lobal sclerosis, no
increase in mesangial cells, no
endocapillary hypercellularity, 4 cellular

crescents, 1 fibrocellular crescent,

segment fibrinoid necrosis in 3 glomeruli,
focal break of glomerular basement g‘lJﬁ 3 A B: 91 H& E (A) wag Masson’s trichrome

membrane in fibrinoid necrotic area Wy fibrocellular crescentic glomerulus
Tubules and interstitium: with interstitial inflammation
<5% tubular atrophy and interstitial C: dou PAS wu periglomerular fibrinoid

fibrosis necrosis and cellular crescent
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Immunofluorescense: Focal staining (17 to 2°) in necrotic
segment for IgG and fibrinogen

Electron microscopy (g‘U‘ﬁ 4)

JUN 4 wendineduiilelalu electron microscopy nu focal

effacement of foot process

n1sataelsa
Granulomatosis with polyangiitis (GPA)

aaUse

fheseimuunmddsennstiaanzidentu sty
asrnuaudulaings ddadenunsuazlusiuludaanis
ﬁﬂmiﬁﬂﬁx‘mdmmmi acute glomerulonephritis 58 rapidly
progressive glomerulonephritis uaﬂﬁ]’mﬁ’iﬂwﬁﬂiﬁﬂa
uden wilosunTutuineu uagnuauiaunives
AMNTIEIMmMIIeen F9Asindeniag pulmonary-renal
syndrome G sifadeusntzaluftaemed ldun nqulse
ANCA-associated small vessel vasculitis, Goodpasture
syndrome LLasmiamL%a'lusswmaLﬁumahmﬁmqul,l,ia

mﬂﬂ'ﬁmaﬁmwﬁaqﬂﬁﬁ’ammﬁuLauwu:h NaYIN4 serology

dnleifiungulsm ANCA-associated small vessel vasculitis
dlesnasanuseuivedse proteinase 3 (anti-PR3 Ab)
SaududUagdeonnisnisssuumaiumela nan13nsa9
maneIngduiiousany alveolar hemorrhage Wag
191115999 otitis media UAeu Jevilndndslsa GPA

%39 Wegener’s granulomatosis

ANCA-associated glomerulonephritis %1 GPA

GPA i3eiiuiiiodn Wegener’s granulomatosis (WG)
dulsanasnidensuindndniaufiduius fu ANCA
(ANCA-associated small-vessel vasculitis; AASV) Lag
LﬂuhﬂwﬁﬂumﬁﬁﬂﬁﬂLL&Jfﬂ,imaﬁﬂaq'mmmimdﬂamtaz
1o (pulmonary-renal syndrome)? Feamrane3ine
EWUANYE necrotizing inflammation 394U granuloma
YBIADARDATUIALAN

WBENNVRITTUUMLAUIETaTes GPA Usznausme
sinusitis, otitis media, ulceration, bony deformities Way
subglottic 39 bronchial stenosis AMWSIEINYINTIION
fnulgvesie solitary %39 multiple pulmonary nodules,
fixed infiltration 38 cavities Wa¥$89598U04 granulomatous
fiveariliianeinisledudenls wilasdiulngliuans
913 TNy diffuse alveolar hemorrhage (DAH)
910 capillaritis vilnsmelaaumal wasduiusAuenTINNg
Hetiingatafesay 35-507

Suazmaedietuilelalu GPA avmuh glomerulus
i crescent formation $2uAU necrotizing inflammation
waz periglomerular granulomatous inflammation lag
filadfeeny immune-complex deposits SN intersti-
tial inflammation La¥N1SONLAUTDIVADALAATUIALENLAT
na19 (small to medium vasculitis)*

nsifladousnlsnan vasculitis naudy axendeeinis
N9AALN WAZNITAIIANIG serology %"q;gﬂw GPA 3g
nuoufvafsalaultil proteinase 3 (anti-PR3 Ab) %39
c-ANCA Tg/onsUandna serology LaganNWENang 153N
Ieuandlilu ansnedl 1 uas 30 5
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A19199 1 81715 WA serology LAANWAYNIINYIBINE1VB9LIATLEAIDINIS pulmonary-renal syndrome”

Granulomatosis with

Microscopic polyangiitis Goodpasture syndrome

polyangiitis
Clinical:
ENT +++ Absent or mild Absent
Pulmonary Nodules, infiltrates, cavities DAH DAH
and/or DAH
Renal Glomerulonephritis Glomerulonephritis Glomerulonephritis
Serology: C-ANCA p-ANCA ABMA ”
Sensitivity 60-90% * 60-70% 90-100%
Target antigen Proteinase 3 (PR 3) Myeloperoxidase (MPO) Type IV collagen
Pathology:
Necrotizing vasculitis A FHF £
Granulomas ++ Absent Absent
Immunofluorescence Negative Negative Linear deposition

*Juu limited %39 generalized form **ABMA = anti-basement membrane antibodies

100

75 S

50

patients

25

0 \

Renal limited GN Any lung Any ENT Subslottic stenosis Lung with cavities

% of all ANCA-positive

s 06PR3-ANCA Positive s 9%6MPO-ANCA Positive

31]171 5 Frequency of c-ANCA and p-ANCA positivity in patients with a particular organ system involvement®
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15199 2 EUVAS grading of disease severity in AASV/

Disease Constitutional Serum creatinine Threatened organ
classification symptoms (mg/dL) involvement
Limited No <14 No
Early, generalized Yes <14 No
Active, generalized Yes <57 Yes
Severe Yes > 5.7 Yes
Refractory Yes Any Yes

Tnglunguilifu limited disease @gslaifornismale
ninszAuasLefiuludontoenit 1.4 un/ma. 91aNTUN
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