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Ghi cha
This work contains four beautiful papers.

"Metabolic Acidosis in a Young Woman." was
written by authors | haven't even known as a dozen
huge others. | found the keyword "Metabolic
Acidosis” and "Young Woman" because my
colleague faced the same situation, then | got what
| needed from PubMed.

The first paper was challenging for me as lots of
other aspects of critical care, so it drove me to the
next, which I rewrote from a YouTube video (link
in the footnote) to fill the gaps.

The third was exciting. Because the way authors of
the Internet Book of Critical Care (IBCC) write
their reviews always makes me easy to bite pieces
of their content and even reasonable for the
application to the actual scenario.

The final always contains massive knowledge,
links, and details. The way the author, Alex
Yartsev, writes his blog makes me feel that website
itself is a beautiful creature in the "medicine
jungle."

If you read all this work and feel hard to remember
or even understand single words, don't worry.
Though I spent time translating the four papers, |
need to reread those again and anew.

(This English Note wrote with the support of
Grammarly App)

Bai dich nay gém bdn bai nho.

“Toan héa & mot bénh nhan nit tré tudi” duoc viét
bai cac tac gia ma minh chua ting gap nhu rat
nhiéu tac gia 16n khac. Minh da tim kiém thuat ngir
“toan héa” va “nir tré” bai mot nguoi ban caa minh
d4 gap mot tinh hudng twong tu, rdi minh tim duoc
bai nhu y mudn tir PubMed.

Bai dau nay c6 noi dung khé nhan, ciing nhu cac
khia canh khac cia mang nganh hdi sic tich cuc,
Vi vy, sau bai ¢au nay 1am minh phai tiép tuc xem
thém va ghi chép lai mot bai lién quan ¢ kénh
YouTube (ma minh c6 dé ngudn) dé bu tiép phan
noi dung minh dang thay can cé.

Bai thir ba minh cho riang hay. Boi cach ma cac tac
gia cua cudn IBCC d4 dung cho website cua ho 1am
minh cam thay moi tha tré nén d& tiép nhan hon
ting it mot, va ciing dé dé ung dung trong nhing
tinh hudng thuc té.

Bai cudi cung chira mot lugng 16n kién thic, trich
dan, 1an cac chi tiét khac. Cac ma anh Alex Yartsev
viét bai co cai gi day lam minh thiy ban than
website ctia anh 1a mot sinh vat dep long 13y trong
“khoang rung y khoa ram rap.”

Néu doc hét toan bo phan bai nay va ban cam thay
kh6 nhg, tham chi khé hiéu, ding lo ling. DU minh
d4 bo thoi gian dé hoan thanh bén ban dich nay,
nhung minh van can phai doc lai lién tuc dé hinh
dung tét hon cho néi dung cua bai dich 1an luong
kién thuc lién quan.

(Phdan Ghi chli bang tiéng Anh, ¢ bén cét tréi trong
trang nay, diroc minh viét dudi s hé tror cua iing
dung Grammarly, minh mua g6i mégt nam, khoang
3.5 triéu VNB hoi 6n thi IELTS khodng 6/2022)

Nguyén Pirc Thanh Liém
Viét-nam, Sai-gon, 29/01/2023
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Bac st (BS) Feinstein

Chao dén cdc ban dén véi Khoa Than-niéu. Lan
nay chlng ta sé thao lugn vé mét trirong hop bénh
nhan ng tré tudi nhiém toan chuyén héa. Chdn
doan tinh trang toan héa nay sé giup chung ta di
dén dwroc roi logn goc ré ma bénh nhan mdc phai.

Mot phu-nir-34-tudi nguoi Phi-luat-tan nhap vao
Trung tdm Y té Nam California caa Hoc vién Los
Angeles County do budn nén va mta trong vong
3 tuan trudc nhap vién. Bén nam trude bénh nhan
cling nhap vién véi béi canh twong tu 1a mot dot
mura lién tuc ma khong co dugc két luan cubi
cung. Ba nam trudc, khi ¢ Phi-luat-tan, ¢ bénh
nhan xuat hién tinh trang liét, va duoc phét hién
bai tinh trang ha kali mau, dugc bu Kali. Bénh
nhan ngung dung Kali ba tuan trudc khi nhap vién
lan nay. Trong ba ndm qua, bénh nhan udng tam
ly rugu mdi ngay.

S&u tuan trudc nhap vién, bénh nhan ho c6 dam
vang va vi ly do nay c6 4y dung Tetracycline kém
cac thudc chdng sung huyét. Luc khoi phat tinh
trang budn non va 6i mtra nhu hién tai, bénh nhan
cam thay chan an va roi dau bung ving phan tu
trén bén phai. Cam giac dau dén nay tang 1én khi
an. Sau cung & bénh nhan xuét hién tinh trang nén
mira sau mai 1an an. Két cuc 1a bénh nhan da mat
20-pound can nang (khoang 9kg). Bénh nhan
cling cam giac dau nhtrc xwong ¢ hai chan trong
khoang mét thang nay. Co ay di kham béc si va
dugc ghi thube cimetidine, nhung sy dau dén van
tiép tuc. Bénh nhan khong di tiéu phan den, khong
tiéu chay, khong non ra mau, ciing khong thay doi
mau sic cua phan hodc nudc tiéu.

Bénh nhan da khong con rang sau khi sinh con
dau. Khong c6 tién cin ndi man trén da, sung
khop, ching Raynaund, khé nudt hoac khd mit.

Kham 1am sang thay bénh nhan cé tong trang
chung la mot c6 géi phat trién day dii, hoan thién,
nhung kém dinh dudng, 5m va hoi but rat. Huyét
4p 100/70mmHg & tu thé nam ngwa, mach
80/phdt, tan sé tho 24/pht, than nhiét (hau mon)
37 d6 C (100.6 do F). Da lanh khé khong ban.
Khoéng c6 loét giac mac hoic vang két mac mit.

O miéng khong con rang. Tuyén giap khong lon.
Nghe phdi va tim binh thuong. An chan ving
phan trén bén phai cua bung dau nhe nhung
khong gay dau khi lam phan ung doi. Khong so
thay tang nao 16n trong 6 bung. C6 giam stic co
toan than. Khéng phan xa bénh ly.

Két qua xét nghiém gom: Nudc tiéu pH 6.5,
Protein 2+, khong tru. Hemoglobin (Hgb) 12
g/dL; bach cau 16,300/mm3, véi té bao chua
truong thanh (bands) 8, té bao da nhan 82, va 7
lymphs. Natri mau 144 meg/L, kali 2.3 mEg/L,
chloride 128 mEg/L, bicarbonate 9 mEdq/L,
calcium 8.9mg/dL, phosphate 3.5mg/dL, glucose
127 mg/dL, urea nitrogen 59 mg/dL, uric acid 5.6
mg/dL, creatinine 4.0 mg/dL, protein toan phan
9.3 g/dL, albumin 3.8 g/dL, alkaline phosphatase
384 1U, creatinine phosphokinase 76 1U, bilirubin
0.7 mg/dL, SGPT 33 IU, SGOT 28 IU, amylase
556 TU. Khi mau d6ng mach pH 7.15, pO2 123
mmHg, pCO2 15 mmHg, HCO3 5 mEq/L.
Xquang nguc thang thay tham nhidm ving phan
thuy ludi phdi. Phim bung dung thiy calcium hoa
than hai bén. Hinh anh hoc duong tiéu hoa trén
thiy gidn nd cac quai va phi né cac nép gap ta
trang.

Bénh nhan duoc nhap vao khoa hdi suc ngoai.
Truyén natri bicarbonate. Cac ngay tiép theo bénh
nhan xuét hién tinh trang co rat chan tay. Natri
méau 164 mEg/L, bicarbonate 20 mEg/L, Kali
méau 3.7 mEg/L, calcium 7.2 mg/dL, phosphate
0.5 mg/dL, urea nitrogen 35 mg/dL va creatinine
3.0 mg/dL. Bénh nhan dugc bd sung Calcium
gluconate.

Ba ngay sau nhap vién, bénh nhan cai thién. Natri
mau 145 mEq/L, kali 3.7 mEg/L, bicarbonate 17
mEqg/L, calcium 7.4 mg/dL va phosphate 3.4
mg/dL. Bénh nhan duoc truyén dung dich Shohl
(Sodium Citrate and Citric Acid).
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Dr. Feinstein

Welcome 1o Renal Grand Rounds. Our discussion
today will concern a young woman with metabolic acido-
sis. The diagnosis of the mctabolic acidosis led 10 the
discovery ofl her underlying disorder.

A 34-year-old Filipino woman was admitied to Los
Angeles County-University of Southern California Medi-
cal Center with a chief complaint of nausea and vomiting
for 3 weeks. 4 vears prior 1o admission. she had an epi-
sode ol persistent vomiting for which no diagnosis was
made. 3 years ago. in the Philippines. the patient devel-
oped paralysis, was found 1o have hypokalemia. and was
placed on potassium supplcmentation. She stopped tak-
ing potassium 3 wecks before her current admission 1o
the hospital. For 3 vears. she has been drinking eight
glasses of water daily.

6 weeks before admission, she had a productive cough
with yellow sputum for which she took tetracveline and
decongestant medication. At the onsct of her present ill-
ness. she noled anorexia and then right upper quadrant
abdominal pain. The pain was aggravaled by eating. She
subsequently developed vomiting after eating. As a re-
sult. there was a 20-pound weight loss. She had bone pain
in both lower extremities for about | month. She saw a
physician who prescribed cimetidine. but her pain per-
sisted. There was no history of melena, diarrhea. hema-
temesis, jaundice, change in color of stool or urine.

' An edited transcript of Renal Grand Round held on Movember
Il 1982, at the Division of Nephrology of the Los Angeles County-
University of Southern Cahfornia School of Medicine.

*  Authors who wish 1o cile a section of the conference and specifi-
cally indicate its author can use this example for the form of refer-
ence: Tannen, R.J.: Discussion, pp. mesm. in Glassock. R.J.. Fein-
stein. E.I.. Metabolic acidosis in a young woman. Am. J. Nephrol. 4
5E-65 (1984).

The patient lost all her 1eeth afier the birth of her first
child. There was no history of skin rash. joint swelling.
Raynaud’s phenomenon. dysphagia, or dry eyes.

Physical cxamination revealed a  well-developed.
poorly nourished. thin woman in modcrate distress. The
blood pressure was 100,70 mm Hg supine. pulse 80/min.
respirations 24/min, temperature 100.6° (rectal). The
skin was cool and dry, and no rash. There were no corneal
ulcerations or conjunctival icterus. The oral cavity was
edentulous. No thyroid enlargement was present. Auscul-
tation of the lungs and heart was normal. Moderate right
upper quadrant abdominal tenderness but no rebound
tenderness was present. No abdominal organs or masses
were palpable. There was a generalized decrease in mus-
cle strength. No pathologic reflexes were present.

Laboratory tests revealed the following data: urine:
pH 6.5, protein 2+. no sediment. The hemoglobin was
12 g/dl; the leukocyte count 16,300 mm?, with a differ-
ential of 11 bands, 82 segmented cells. and 7 lymphs. The
serum sodium was 144 mEqg/l. potassium 2.3 mEqg/l.
chloride 128 mEqg/l. bicarbonate 9 mEq/l. calcium 8.9
mg/dl. phosphate 3.5 mg/dl. glucose 127 mg dl. urea
nitrogen 59 mg/dl, uric acid 5.6 mg/dl. creatinine 4.0
mg/dl. 1otal protein 9.3 g/dl. albumin 3.8 g/dl alkaline
phosphatase 384 U, creatine phosphokinase 76 [U. bili-
rubin 0.7 mg/dl, SGPT 33 IU, SGOT 28 1U, amylase 556
IU. The arterial blood gases were pH 7.15. pO> 123 mm
Hg. pCO; 15 mm Hg. HCO3 5 mEg 1. A chesl roentgen-
ogram revealed a small lingular infiltrate. An abdominal
plain film showed bilateral nephrocalcinosis. Upper pas-
trointestinal series showed a widenced duodenal loop and
edematous duodenal folds.

The patient was admitted to the surgical intensive care
unit. Sodium bicarbonate infusion was started. The fol-
lowing day carpopedal spasm developed. The serum so-
dium was 164 mEg/l. bicarbonate 20 mEqg/], potassium
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3.7 mEq/ 1. calcium 7.2 mg/dl, phosphate 0.5 mg/dl, urea
nitrogen 35 mg'dl and creatinine 3.0 mg/dl. Calcium glu-
conate was given.

3 days after admission, the patient was improved. The
serum sodium was 145 mEq/l. potassium 3.7 mEq/l, bi-
carbonate 17 mEq/l. calcium 7.4 mg/dl. and phosphate
3.4 mg dl. Shohl’s solution was given. Further diagnostic
workup disclosed a 24-hour protein excretion of 1.6 g.
antinuclear antibody titre of 1:160 (nucleolar and speck-
led pattern). Serum complement levels were C3 72 mg/dl
and C4 30 mg/dl (normal range: C3 100-206 mg/dl and
C4 20-75 mg/dl). The latex fixation titre was 1:2.560.
Serum IgG was 2,260 mg/dl, IgA 817 mg/dl, IgM
124 mg/dl. HLA phenotype was All. B7. BW 60 CW 3.
The results of a Schirmer test were 4-5 mm in the right
and left eyes.

Dr. Tannen will now discuss the differential diagnosis
of the electrolvie and acid-base disturbances in this patient
and her underlying disease.

Dr. Tannen

The differential diagnosis in this case can be pursued
by focusing initially on the two major electrolyte distur-
bances. hypokalemia and metabolic acidosis. It scems
reasonable 1o assume that the hypokalemia is a reflection
of actual potassium depletion. in view of its persistence
and the absence of any evidence to incriminate hypokal-
emia secondary to transcellular redistribution. The fac-
tors which can result in hypokalemia by a shift of potas-
sium into the intracellular compartment are listed in
table I [1]. This patient was not alkalotic, had not in-
gested drugs or toxins, and did not manifest the family
history or recurrent paralytic episodes typical of hypokal-
emic periodic paralysis.

Most etiologies of potassium depletion are associated
with a normal acid-base status or with metabolic alkalo-
sis. which may be cither of modest or severe degrec.
Therefore. the differential diagnosis of potassium deple-
tion in association with metabolic acidosis includes rela-
tively few entities. which are listed in table II.

Differentiation between the disorders enumerated in
table 1l can be aided by an assessment of urinary potas-
sium excretion. When potassium depletion results from
cxtrarenal causcs. the kidney responds by decreasing po-
lassium excretion. Several mechanisms may be responsi-
ble for the potassium-conserving response including a
decrease in aldosterone secretion, diminished delivery of
sodium and fluid to distal nephron sites, an increase in
renal ammonia production and excretion, and a fall in the

Table I. Hypokalemia sccondary to transcellular shift

Alkalemia

Insulin excess
B-Adrenergic agonists
Barium intoxication
Toluene ingestion
Famihal periodic paralysis

Table I1. Potassium depletion with metabolic acidosis

1) Diarrhea
2) Villous adenoma
3) Ketoacidosis
a) Diabetic
b) Fasting
4) Ureterosigmoidostomy
5) Renal tubular acidosis
a) Proximal (type 2)
b) Distal (type 1)
¢) Carbonic anhydrase inhibitors

plasma potassium level [2-4]. Recent studies from our
laboratory indicate that an intrinsic renal adaptive mech-
anism. which is independent of all these other factors,
also plays an important role [5]. Appropriate renal con-
servation is usually reflected by the excretion of less than
20 mEq of potassium per day. Determination of the
potassium concentration in a spot urine sample can be
misleading. since polyuria is a recognized complication of
potassium depletion. Hence. a relatively low potassium
concentration could still reflect a significant excretion
rate. Measurcments of fractional potassium excretion
(< 6%) or potassium concentration factored by creati-
nine excretion (< 20 mEq/g) should provide more useful
guidelines of appropriate potassium conservation with a
random urine collection.

In the present case. a measurement of urinary potas-
sium is not provided; however. there is no history to sug-
gest diarrhea. Villous adenoma of the rectum can be less
obvious by history and can present with either metabolic
acidosis or alkalosis [6]. Nevertheless. additional informa-
tion in this case, 10 be discussed subsequently, strongly
points 1o an alternative diagnosis. Ketacidosis of either the
diabetic or fasting variety can be excluded from consider-
ation for several reasons including the fact that the meta-
bolic acidosis is hyperchloremic with a normal anion gap.

The final category in table Il is renal tubular acidosis
(RTA) of either the proximal (type 2) or distal (type I)
variety. Also included for completeness in the ingestion
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Céc xét nghiém chan doan khac gdbm: muc thanh
thai protein 24-gio 1.6 g, khang thé khang nhan
(Anti-nuclear antibody, ANA) 1:160. B6 thé mau
(serum complement level) caa C3 l1a 72 mg/dL va
C4 1a 30mg/dL. Xét nghigm cé dinh latex higu
chinh 1a 1:2,560. IgG méu 2,260 mg/dL, IgA 817
mg/dL, IgM 124 mg/dL. HLA phenotype All,
B7, BW60 CW32. Két qua do d¢ tiét 1é cua mat
(Schirmer test) 1a 4-5mm ¢ mit phai va tréi.

BS. Tannen bay gio sé thao lugn cac chan dodn
phan biét (the differential diagnosis, DDx) cua su
réi logn kiém toan & bénh nhdn nay ciing nhie
nguyén nhan gac ré.

BS. Tannen

Chan doan phan biét & bénh nhan nay c6 thé tim
dugc khi bude dau tap trung vao hai réi loan chi
dao: ha kali mau va toan chuyén hda. S& 1a hop ly
khi cho rang tinh trang ha kali mau phan anh sy
can kiét nguon Kali thyc té trong co thé, khi nhin
vao sy thiéu hut 1au dai cling nhu thiéu vang cua
bat ctr bang chuing nao khéac gay ha kali thir phat
gay ra su di chuyén (tai phan bd) kali ra vao té
bdo. Céac yéu té gay ha kali mau gy ra do su
chuyén dich Kali vao trong khoang néi bao dugc
liét ké & Bang I. Bénh nhan nay khéng c6 tinh
trang kiém hda, khdng udng céc thubc hoic chit
doc, ciing khong cé tién cin gia dinh hodc céc
duot liét tai dién ma goi y cho chan doan liét cach
héi do ha kali méu (hypokalemic periodic
paralysis).

2 Két qua am tinh khi protein ni¢u <0.2 gm/ngay Proteinuria in Adults: A
Diagnostic Approach | AAFP.

ANA dam tinh khi dat gié tri 1:40; 1:160 dwoc xem duong tinh (do dac hiéu
cao, d¢ nhay thdp) Range of antinuclear antibodies in "healthy" individuals -
PubMed (nih.gov).

O dg tusi 34 cuia bénh nhan nay, nong dé cac Immunoglobulin G, A va M mic
binh thirong theo ther tyr 12 767 — 1590, 61 — 356, 37 — 286 (mg/dL). Vdy bénh
nhan ¢é tang IgG va Ig4. Immunoglobulins (1gG, 1gA, and IgM), Serum -
Mayo Clinic Laboratories | Neurology Catalog (testcatalog.org).

Cac bénh nguyén hay gap nhat gay can kiét kali
trong khi tinh trang toan kiém binh thuong hoic
kiém chuyén hda c6 thé hozc la rat nhe, hoic la
qua ning. Do d6, cac DDx cua thiéu hut kali mau
lién quan dén toan chuyén hoa véi mét vai chan

doan dugc liét ké ¢ Bang I1.

Béing I. Ha kali mau thir phat
do su dich chuyén giira té bao
va mau

o Kiém héa méu

e Dung isulin

e Chdt ddng van beta-
adrenergic

 Ubng nuét Toluene

o Ligt gian cach di truyén

Bang I1. Can kit kali trong bi
canh toan chuyén héa

1) Tiéu chay

2) Adenoma vi mao

3) Nhiém toan keton

o Tiéu dudng

e Nhin doi

4) Phau thuit tao hinh bang

quang tir tryc trang sigmoid.
5) Toan héa ng than
o Ong luon gan (type 2)
o Ong luon xa (type 1)
e Do thuéc wc ché carbonic
anhydrase.

C6 thé phan dinh cac rdi loan liét ké & Bang 11
thong qua viéc danh gia lwong kali tiét ra trong
nudc tiéu. Khi thiéu hut kali trong co thé bai
nguyén nhan khdng phai tir than, than giam thai
kali. Mot vai co ché c6 thé théng qua cac dap wng
gilp bao tn luong kali trong co thé nhu giam tiét
aldosteron, ngung giai phéng mudi nudc dén dng
luon xa, tang tao va thai ammoniac ¢ than, va
giam luong Kkali trong huyét thanh. Cac nghién
ctru hién tai* tir phong xét nghiém chi ra rang co
ché thich nghi cua than doc 1ap véi cac co ché
khac, dong mot vai tro quan trong trong qué trinh
tim dén diém can bang nay. Than binh thuong thai
it hon 20 mEq kali mdi ngay. Pinh lugng Kali trong
nudc tiéu cd thé ¢ sai s6t, boi vi da niéu 1a bién ching
cua tiph trang can kiét kali. Do vay, ndng do kali trong
ddi thap c6 thé van phan anh duoc ti I¢ bai tiét kali. Ti ¢ tiét
nay (<6%) hoac nong do kali: ti 1é thé! Cfeatinine (<20
mEq/g) la mot thdng so6 hiru ich dé cho biét rang Chl’Ig nang
than vai viéc gifx If;i kali van 6n, khi ding mot mau xét
nghiém nuéec tiéu bat ky.

C3 75 — 175 mg/dL, C4 16 — 48 mg/dL. Complement C3 (Blood) - Health
Encyclopedia - University of Rochester Medical Center, Complement C4
(Blood) - Health Encyclopedia - University of Rochester Medical Center

3 Schirmer’s Test: sau 5 phiit lam test, hrong mréc mdt tham >15mm que thi:
goi y tinh trang tiér meéc mdt binh thiong; giam nhe: 10-15 mm; giam trung
binh: 5-10 mm; va ngng khi <5mm. https://youtu.be/HAZ5vAI_PLY

4 Bai viét nay diroc cong bé vao 19841
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https://pubmed.ncbi.nlm.nih.gov/9324014/
https://pubmed.ncbi.nlm.nih.gov/9324014/
https://neurology.testcatalog.org/show/IMMG
https://neurology.testcatalog.org/show/IMMG
https://www.urmc.rochester.edu/encyclopedia/content.aspx?ContentTypeID=167&ContentID=complement_c3_blood
https://www.urmc.rochester.edu/encyclopedia/content.aspx?ContentTypeID=167&ContentID=complement_c3_blood
https://www.urmc.rochester.edu/encyclopedia/content.aspx?contenttypeid=167&contentid=complement_c4_blood
https://www.urmc.rochester.edu/encyclopedia/content.aspx?contenttypeid=167&contentid=complement_c4_blood
https://youtu.be/HAZ5vAI_PLY

Trong tinh hudng bénh nhan cua ching ta, khong
c6 xét nghiém dinh lugng kali niéu; tuy nhién,
khong c6 bénh sir ndo cho thiy bénh nhan c6 ia
long. U nha truc trang (villous adenoma) c6 thé
gay ra hoic 1a kiém hoic 1a toan chuyén hoa,
nhung c6 thé it nghi dén bai bénh sir khéng goi V.
Thém nira, dya vao cac thdng tin b sung, chi ra
rang c6 thé mot chan doan khéc s& pht hop hon
dé ly giai cho tinh hudng ciia bénh nhan nay. C6
thé loai trir tinh trang nhidm toan do keton hozic
cua dai thao duong, hoac do nhin d6i & bénh nhéan
boi mot vai 1ap luan trong d6 c6 mot su that rang
& bénh nhan c6 toan chuyén hoa ting chlore mau
v6i mot khoang trong Anion binh thuong.

O cac chan doan cubi cling noi Bang 11, toan hoa
dng than (renal tubular acidosis, RTA) hoic do
6ng luon gan (type 2) hoac tir éng luogn xa (type
1). Ciling trong nhém nay c6 nguyén nhan dung
Carbonic anyhydrase inhibitors, gay ra tinh trang
RTA do thudc trong d6 két hop hai dic diém bénh
ciia RTA type 1 va 2. Ca hai loai RTA nay déu
gay toan chuyén héa ting chlore mau va thiéu hut
kali mau, gay ra bai viéc mat kali qua nudc tiéu.
Tuy nhién, co ché bén dudi lam mat kali qua than
1a rat khac biét trong hai nhém tinh hudng nay.

Véi Toan hoa éng thdn do dng lwen gan (type
2), c6 dic diém do bat thuong tai hip thu
bicarbonate & éng lugn gan, trong khi viéc van
chuyén H+ ¢ 6ng luon xa van binh thuong. Kali
méu ¢6 thé binh thuong hozc hoi giam ¢ céc bénh
nhan khong dwoc diéu tri. Tuy nhién, tinh trang
mét mat kali qua than thudng xay ra trong qua
trinh diéu tri truyén NaHCO3. Kiém hoa méu gay
tang lugng bicarbonate va do d6 lam tang lugng
bicarbonate dugc loc noi cau than. Ong lugn gan
ctia cau than bi qua tai va khong hap thu duoc hét
luong bicarbonate trong dich loc, lugng nay dugc
guri t6i dng luon xa voi mot ndng do cao hon binh
thuong lam kéo theo ca natri 1an luong nuéc bén
trong 6ng than. C4c su kién nay lam ting sy dao
thai kali, dac biét khi c6 thém ndng do cao cua
aldosterone ma thuong thay ¢ bénh nhan c6 bénh
ly RTA type 2. Nong d¢ aldosterone mau cao xuat
hién hoac do tinh trang giam thé tich mau thir phét
sau (1) sy tai hap thu NaHCO3 bt thuong & dng
lwon gan va/hoic (2) do su kich dong cua tinh

trang toan hoa Ién qua trinh tiét aldosterone. Sy
giam tai hap thu kali tir dng lwon gan c6 dong vai
trd quan trong trong sy mat méat kali trong boi
canh RTA type 2 hay khéng thi hién tai chua
duogc xac dinh rd rang.

Toan hoa éng Iwon xa (RTA type 1) xay ra do
tinh trang bat thuong van chuyén H+ ¢ dng luon
xa. Pén tir (1) hoic do su bat toan cua kha ning
van chuyén cua bom H+ tir bé bao biéu md vao
long 6ng lwon; hoac do (2) su suy giam tinh thim
d6i véi H+ tir té bao biéu md vao mau lam & H+
trong té bao biéu mé dng luon xa. Khéng gidng
nhu RTA type 2 (t6n thuong & dng luon gan), tinh
trang can kiét kali s€ hay gap hon & cac bénh nhéan
khong duge diéu tri. CO vai yéu td gay ra tinh
trang mat mat Kali & than. Toan héa tc ché su tai
hap thu natri & dng luon gan. Viéc nay 1am ting
thai natri va nuéc dén 6ng luon xa va cling Véi
viéc kém hap thu natri & 6ng luon xa, natri tro nén
can kiét & bénh nhan RTA type 1. Ciing gidng
nhu trong RTA type 2, tinh trang giam thé tich va
dudng nhu thém tinh trang toan hoa da dua dén
sy kich tiét aldosterone. Do viy, néu tinh trang
RTA type 2 khong dwoc diéu tri, ti 18 natri va
nude duoc giri dén dng luon xa sé ting 1én cling
véi muc aldosterone cao trong mau. Céac kich
thich 1am tiét kali nay c6 thé tro nén nang né hon
boi sy bat hoat tiét H+ nhu binh thudng ¢ ong
lwon xa. Nguoc lai v6i RTA type 2, diéu tri tinh
trang toan vai NaHCO3 gilp giam bét tinh trang
mat K+ & da s6 bénh nhan RTA type 1. Tuy
nhién, & mot vai bénh nhén, vi mét 1y do nao do
khong rd rang, K+ van mat lién tuc ngay ca khi
tinh trang toan hoa di duoc diéu chinh.
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of carbonic anhydrase inhibitors, which cause a drug-
induced form of RTA with combined proximal and distal
features. Both the proximal and distal forms of RTA
result in hpyerchloremic acidosis and a potassium defi-
ciency. which is the result of renal polassium wasling.
However, the mechanisms underlyving the renal K+ loss
are distinctly different with these two conditions.

Proximal RTA is characterized by an abnormality in
bicarbonate reabsorption by the proximal nephron, while
H* transport by the distal nephron is normal. Serum
potassium levels may be normal or slightly reduced in
untreated cases [7]. However. marked renal potassium
wasting commonly occurs during treatment  with
NaHCO, [8). Alkali therapy increases plasma bicarbon-
ate concentration and thereby results in an increased Nl-
tered load of bicarbonate. In view of the constrained
capacity of the proximal nephron to reabsorb bicarbon-
ate, hicarbonate delivery to the distal nephron is in-
creased substantially along with an increase in sodium
and fluid delivery. These events al promote enhanced
polassium excretion, especially in the presence of high
aldosterone levels. which are frequently found in patients
with proximal RTA [8]. The high aldosterone could result
from either volume contraction sccondary 1o abnormal
NaHCO; reabsorption by the proximal wubule and/or 1o a
stimulatory effect of metabolic acidosis on aldosterone
secretion [9]. Whether diminished K* reabsorption by the
proximal nephron also plays a role in the K* wasting with
proximal RTA has not been determined.

Distal renal wbular acidosis results from an abnor-
mality in H* transport at distal nephron sites. Either a
specific defect in the transport capacity of the proton
pump or a reduction in the permeability barrier to H*
resulting in increascd backflux of H* across the tubular
epithelium can account for the abnormalities found in
distal RTA [7]. Unlike proximal RTA, severe K* deple-
uon occurs commonly in untreated patients. Several fac-
lors appear to account for renal K* wasting. Acidosis
inhibits sodium reabsorption by the proximal tubule [ 10],
This results 1 enhanced delivery of sodium and fluid 1o
the distal nephron and along with a defect in sodium
rcabsorption at distal nephron sites. probably plays a role
in the development of sodium depletion in patients with
distal RTA [10-12]. Similar to proximal RTA, both val-
ume depletion and perhaps acidosis account for elevated
rates of aldosterone secretion [12], Hence in the untreated
paticnt with distal RTA, there are increased rates of
sodium and fluid delivery 10 the distal nephron in the
prescnce of high aldosteronc levels. These sumuli for
potassium secretion may be enhanced further by the

inability 1o secrete H* normally at distal nephron sites [8,
12]. In contrast 1o patients with proximal RTA, correc-
tion of the acidosis with NaHCO, therapy alleviates the
K* wasting tendency in most patients with distal RTA [8,
12]. Nevertheless. in some patients. for reasons which are
not clear, K* wasting persists even after correction of the
acidetic state [13].

Although we have no measurement of urinary K+, the
combination of hvperchloremic acidosis and hypokal-
emia without a history of diarrhea strongly points toward
a diagnosis of renal wbular acidosis. The features which
distinguish the proximal from the distal forms of RTA
are listed in table 111, A variety of findings implicate a
distal defeet in the present case. As already discussed, the
severity of the potassium depletuon in the unireated con-
dition points toward a distal defect as does the severity of
the reduction in plasma bicarbonale concentraion. Since
nephrocalcinosis is a hallmark of distal rather than prox-
imal RTA, the existence of a distal defect is a virtual
certainty. The random wrine pH or 6.5 concurrent with a
very low plasma HCO s concentration (53-9 mEq/1) 15 also
consistent with and highly suggestive of a distal defect. In
response 1o sufficiently severe acidosis, the urine pH will
decrease 1o low levels with proximal RTA, but i1 remains
abnormally high with a distal defect regardless of the
degree of acidosis. Theoretically, if this patient had prox-
imal RTA with a renal HCOjy threshold in the range of
5mEq/l, a high urine pH might occur. but this seems
unlikely. When the degree of spontancous acidosis is very
severe, as in the present case, a random urine pH pro-
vides a reasonable assessment of the ability of the distal
nephron 1o establish a normal transtubular H* gradient.
However, when the acidosis is less severe, i.¢.. plasma
HCOy concentration greater than 10 mEg/l. the pH re-
sponse 1o an acute acidifying stimulus (NH4Cl or CaCly)
15 necessary in order to be confident of the presence of a
distal defect.

Another test to differentiate between proximal and
distal RTA is an assessment of the pCO, gradient be-
tween wrine and blood (U-B pCO32) under conditions
where urinary bicarbonate excretion 1s high. Because of
the delaved dehydration of carbonic acid generated at dis-
1al nephron sites, the degree of elevation in urinary pCO3
provides an indirect assessment of H* sccretion by this
segment of the nephron, With distal RTA U-83 pCO; is
less than 10 mm Hg, while with proximal RTA it s
greater than 30 mm Hg [14]. An addituonal clue o distin-
guish between the two forms of RTA can be provided by
the measurement of unnary citrate excretion. which 15
low with distal RTA, but normal or high with proximal
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Du ching ta khong do dugc K+ niéu (¢ bénh nhan
nay), su xuat hién cia tinh trang toan hoa ting
chlore va ha kali mau ma khéng kém mét bénh sir
tiéu chay gitp huéng dén chan doan toan hoa dng
than. Céac dic diém gilp phan biét gitra toan hoa
6ng than type 2 so vai type 1 dugc liét ké & Bang
I11. Céac dir kién c6 duogc chi ra tinh trang thuong
t6n noi 6ng lugn xa trong trudng hop bénh nhan
nay. Nhu da thao luan trude d6, do nang cua tinh
trang thiéu hut kali véi ton thuong ¢ ng luon xa
tuong tng v6i mic do sut giam cua noéng do
bicarbonate mau. Bai tinh trang calcium hda than
1a diém nhan cua RTA type 1 hon 1a cua type 2,
nén rd rang thuong ton & dng luon xa la van dé co
& bénh nhan nay. Mau xét nghiém nudc tiéu bat
ky cua bénh nhan c¢6 pH 6.5 di kém véi ndng do
HCO3- mau thap (5-9 mEq/L) ciing tiép tuc goi y
cho thuong ton & 6ng lwon xa. Bé dap ung Voi
tinh trang toan hoa ning, pH nuéc tiéu s& giam
thip trong RTA type 2, nhung van cao mot cach
bat thudng trong RTA type 1 dii toan dén thé nao.
Trén ly thuyét, néu bénh nhan c6 RTA type 2 kém
mot nguong HCO3 than ¢ muc 5 mEg/L, pH
nudce tiéu co thé cao, nhung duong nhu didu nay
kho c6 thé xay ra. Trong tinh huéng mtc toan tu
phat tré nén cuc ky nang, nhu truong hop bénh
nhan nay, pH nudc tiéu liy ¢ thoi diém bét ky s&
gitip chung ta danh gia dugc kha niang diéu chinh
cua 6ng luon xa d6i vai mic chénh &p H+ binh
thuong gitra té bao va dich loc. Tuy nhién, néu
tinh trang toan hda it nghiém trong hon, vi dy, khi
nong do HCO3 16n hon 10 mEq/L, dap ung pH
véi cac yéu té kich thich cd tinh toan hda (NHACI
hodc CaCl2) la can thiét dé khang dinh ring c6
t6n thuong & 6ng luon xa.

Mot xét nghiém khac dé phan biét gitra toan héa
dng lwon gan (RTA type 2) véi toan hoa dng luon
xa (RTA typl) la danh gia do chénh biét pCO2
gitta nuéc tieu va mau (U-B pCO2) & céc tinh
hudng ma trong d6 lugng HCO3 duoc thai nhiéu
trong nudc tiéu. Do tinh trang tach nuéc khoi acid
carbonic bi tri hodn ¢ éng luon xa, nén mirc do
pCO2 trong nudc tiéu ting 1én gitip gian tiép danh
gia dugc su giai phong H+ & vi tri nay cua cau
than. Trong RTA type 1, U-B pCO2 < 10 mmHg;
trong khi RTA type 2 con s6 nay > 30 mmHg.
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Mot bang chang thém nita dé phan biét giir hai
dang RTA la mic d6 dao thai citrate trong nudc
tiéu, ma s& thap & RTA type 1, nhung binh thuong
hoac cao & RTA type 2. Cudi cuing, su ton tai cua
ton thuong ong luon gan cé thé xac dinh bang
nghién ctru diéu chinh HCO3- ¢6 dién va do luon
ti 1& tai hap thu HCO3-. Théng s nay c6 thé thap
vdi RTA type 2 va binh thuong vai RTA type 1.
Néu cuing xay ra ca hai loai ton thuong, diy c6
thé 1a phuong phap duy nhét dé chi ra dugc mot
céch chinh x4c tinh trang ton thuong ctia dng luon
gan.

Ciing co6 thé nghi ngd tinh trang ton thuong dng
lwon gan théng qua nhu cau NaHCO3 dé duy tri
sy can bang toan kiém sau khi lwong bicarbonate
thiéu da duoc diéu chinh. O ngudi 16n truong
thanh chi bi RTA do t6n thuong dng lugn xa don
thun, luong nhap HCO3 it hon 2-3 mEq/kg/ngay
luén da dé gitr duoc tinh trang thang bang klem
toan, trong khi véi ton thuong & 6ng gan ludn can
mét luong bu bicarbonate theo duong udng 3-4
mEg/kg/ngay.

Bang III. Csc dic diém ciia RTA

RTA type 2 RTA type 1
éng xa, gop éng lwgn gan

K* mau Thuong/ giam nhe  Giam nang

HCO3 méau Giam nhe Giam tuy mic do,
(>10 mEg/L) nhung c6 thé rit nang

Tham nhiém calcium  Khéng co Thuong gap

& than va séi than

H@i chieng Fanconi Thuong gap Khéng cé

pH nwéc tiéu <5.5 >5.5

U-B pCO» >30 mmHg <10 mmHg

FE HCOs >15% <5%

TmHCO3 Giam Thuong

Citrate nigu Thuong/ cao Thép

NaHCOs can dung <2-3 >3-4

mEq/kg/ngay mEq/kg/ngay
U-B = nigu — méu; FE = ti suat tiér; Tm = d¢ tai hap thu téi da cua ong
than

Vé Muc luc | 10




Table 1. Features of RTA
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Table I'V. Eniology of distal renal tubular acidosis

Proximal RTA Distal RTA

Plasma k* normal or slightlvl severelyl

Plasma HCO, moderate reduction vanable reduction.
(= 10 mEg/1) but can be very

BCVETE

Nephrocakcinosis absent common

and renal stoncs

Fanconi syndrome COMMOn absent

LUrine pH <35 =55

L-B pCis = 3 mm Hg = 10 mm Hg

FE H('O, = 15% < 5%

Tm HCOy reduced normal

Urninary citraie normal or high low

MNaHCOy requirement < 2-3 mEg kg day = 34 mEg kg-day

U-B = Unnc-blood. FE = fractional excretion: Tm = maximum
tubular reabsorplion.

Primary

Infannile

Adult

Genetic abnormality of carbonie anhydrase
Mephrocakcinosis of vanous causes
Medullary sponge kidney
Hypergammaglobulinemic stales
Hepatic cirrhosis
Phosphate depletion
Dirug induced

Amphotericn

Vitamin [

Toluene

Lithium

Analgesics

Carbonic anhydrase inhibiters

RTA [13]. Finally, the presence of a proximal defect can
be demonstrated by performing a classic HCO3 titration
study and measuring the HCO3 reabsorption rate. [1 will
be low with proximal RTA and normal with a distal
defect. If concurrent defects in both proximal and distal
nephron funcuon cocxist, this may be the only way 1o
precisely uncover the proximal defect.

The presence of a proximal defect can also be sus-
pected by the requirement for NaHCO; in order to sus-
tain normal acid-base balance after the original bicarbon-
ate deficit has been repaired. In adults with pure distal
RTA. HCO3 ingestion less than 2-3 mEqg/kg/'day is
usually sufficient 10 maintain a normal acid-base condi-
tion. while with a proximal defect large oral doses exceed-
ing 3=4 mEq kg/'day arc needed.

Finally, proximal RTA is often associated with other
defects in proximal tubule funclion which comprise the
Fancom syndrome. | assume glycosuria was absent in this
case; and the uric acid level of 5.6 suggests a normal uric
acid clearance, although one can be masled in the face of
concurrent abnormal renal function. There is no mca-
surement of amino acid excretion. The phosphate level
was low for the level ol renal function: however, without
knowledge of urinary phosphate cxcretion it s nol possi-
ble 1o implicate renal wasting as the cause. It should be
mentioned that severe phosphate depletion per s¢ can
causc abnormalities in both proximal and distal nephron
acidification. In addition, outdated tetracycline can cause
proximal twbular injury. In the present case hypokalemia
preceded ingestion of the drug. so there is no reason 0
suspect i1 was of etiologic sigmificance.

To summarize, at this point it seems clear that this
patient has the distal form of RTA, although it is not
possible 1o rule out a concurrent defect in proximal neph-
ron function. MNext. it is pertinent 1o address potential
etiologies for the development of this syndrome.

Table 1V includes a list of the euclogies for the hypo-
kalemic form of distal RTA. Since nephrocalcinosis is a
hallmark of RTA as well as a predisposing cause, this can
sometimes pose a diagnostic problem. In our case, how-
ever, the striking hypergammaglobulinemia (5.5 g/dl) fo-
cuses attention on the entities under this diagnostic cate-
BOTY.

The list of hypergammaglobulinemic entities zssoci-
ated with RTA is given in table V. Sjogren’s syndrome
accounts for more than one-hall of the causes of distal
RTA and hypergammaglobulinemia, which have been
reported [16). Furthermore, a variety of the other hyper-
gammaglobulinemic syndromes detailed in table V are
often associated with Sjogren’s syndrome. In the present
casc the positive ANA, positive rheumatoid factor, and
positive Schirmer test are virtually diagnostic of Sjégren’s
syndrome. There are not feawres to suggest that the
Sjbgren’s svndrome is related 1o some other systemic dis-
order. but | would caution that the possibility of SLE
cannol be excluded with absolute confidence.

Of interest is how hyperglobulinemic states and 5jo-
gren's syndrome in particular lead 10 RTA. The Sjogren’s
syndrome is characterized by dry eyes (keratoconjuncti-
vitis sicca), a dry mouth (xerostomia) and the presence of
arthritis in about one-half of the patients. The ocular and
oral manifestations result from a lymphoceytic infiltrate in
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Cudi cung, RTA type 2 thuong lién quan dén
thuong ton khac cua chirc ning ong luon gan
trong hoi ching Fanconi. Toi gia dinh rang &
bénh nhan nay khong c6 duong trong nudc tiéu;
va mirc acid uric 1a 5.6 ggi Yy mot mirc thanh thai
acid uric binh thuong, di rang mot ngudi ¢o thé
nhan dinh sai khi d6i dién véi mot tinh hudng
chitc ning than bat thuong xay ra dong thoi.
Khong c6 xét nghiém nao do luong muc d6 bai
tiét amino acid. Luong phosphate thip tuong
dong véi chirc nang than; tuy nhién, néu khong
do duoc lugng phosphate niéu thi khdng thé biét
duoc lidu c6 mat qua than hay khong ciing nhu do
nguyén nhan gi. Ciing can phai nhic rang ban
than su can kiét nghiém trong phosphate c6 thé
gay ra cac bat thuong lién quan dén su toan hoa
cua ca 6ng luon gan 1an dng luon xa. Thém vao
do, tetracycline hét han st dung c6 thé gay ra ton
thuong 6ng lugn gan. O truong hop ha kali mau
xuat hién truéc khi dung thude thi khéng co ly do
gi phai nghi ngd rang nguyén nhan toan héa la do
thudc.

Tom lai, dén hién tai, dudng nhu bénh nhan toan
hoa la do ton thuong & 6ng luon xa, du khdng thé
loai trir viéc c6 hay khdng tinh trang ton thuong
ddng thoi chire ning cua éng luon gan. Tiép theo,
chiing ta can xac dinh dugc céc nguyén nhan kha
di gay xuat hién hoi chang ndy (RTA type 1).
Bang IV liét ké cac nguyén nhan gy ra ha kali
méu do RTA do ton thuong dng lwon xa ciing nhu
cac nguyén nhén kich hoat,d6i khi ciing chinh la
nguyén nhan tryc tiép gay bénh. Tuy nhién, &
trwuong hop bénh nhan nay, mac do
gammaglobulin méau cao (5.5 g/dL) gilp ta tap
trung vao cac nguyén nhan tuong tng trong danh
sach cac chan doan kha di.
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Bing IV. Bénh nguyén cia tinh trang Toan héa dng lugn xa

Tién phat
. So sinh
. Nguoi l6n
o Bit thuong gene lién quan dén men carbonic anhydrase
Tham nhiém calcium & than do cac nguyén nhan khac nhau
Thén xop (tay) than
Céc tinh trang lam tang gammaglobulin méau

Xo gan
Can kiét phosphate
Do thuoc
. Amphotericine beta
Vitamin D
Toluene
Lithium

Thubc gay mé
Ut ché carbonic anhydrase

Nhom cac nguyén nhan lam tdng gammaglobulin
mau gdy ra RTA duoc liét ké & Bang V. Hoi
chang Sjogren chiém mét nira cac truong hop gay
RTA type 1 va tang gammaglobulin mau da dugc
cong bb. Hon nira, cac hoi chitng con lai thuong
¢6 lién quan dén hoi chitng Sjogren. Bénh nhan
c6 xét nghiém mién dich ANA duong tinh, yéu té
thip duong tinh va test Schirmer dwong tinh gitup
dura dén chan doan xac dinh 12 hoi ching Sjogren.
Khoéng c6 diu ching nao goi y rang hai chimg
Sjogren ¢ bénh nhén lién quan dén cac réi loan
mang tinh hé théng, nhung t6i xin nhan manh
rang khdng thé loai trir hoan toan kha ning bénh
nhan méc Lupus ban d6 hé théng (Systemic
Lupus Erythematosus, SLE) mét cach chic chan.

Béng V. RTA kém ting gammaglobulin mau

Hoi chieng Sjogren hoic Bénh khac
bénh ly lién quan
e Hoi chitng Sjogren e Lao

e SLE

e Xo gan mat tién phat

o Viém gan man hoat dong

e Viém phé nang xo hoa

o Bénh ty mi&n tuyén giap

o Xuét huyét ting globulin méau

e Tang gamma globulin mau vo can
e Bénh ly macroglobulin méau

o Cryptoglobulin méu

 Sarcoidosis

» Coccidioidomycosis
e Bénh ly Hodgkin

e Dau tuy
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Table V. KTA with hyperglobulinemia

Sjogren’s syndrome or Others
associated diseascs
Syogren’s syndrome tuberculosis [36)

[17-23, 33. 36-38]
SLE [28. 37, 39)
Primary biliary cirrhosis [27, 40-42)
Chronic acuve hepatitis

[25. 27, 36. 37. 4044
Fibrosing alveolius [40)
Autoimmune thyrowd discasc [45]
Hyperglobulinemic purpura [26]
Idiwopathic hypergammaglobulinenia

[18. 19, 21, 22, 24, 29, 36]
Macroglobulinemaa [36)
Cryoglobulinema [46)

sarcoidosis [36]
coccrdioidomycosis [36]
Hodgkin's discase [36])
multiple mycloma [47, 48]

the lacrimal and salivary glands. which impairs their
sceretory function. A similar lymphocytic infiltrate in the
kidneys has been found in almost all the cases of S)o-
gren's syndrome associated with RTA in which renal
pathology has been examined [17-23). The most con-
vincing cvidence that this represents a meaningful patho-
logic-functional correlation was reported by Shioji et al.
[23]. 3 of 4 cases of Sjogren’s syndrome with RTA mani-
fested renal intersutial infiltrates and the fourth had
interstitial fibrosis, while all 4 cases without RTA had
normal renal pathology.

A similar pathologic picture is found with other kinds
of hyperglobulinemia and RTA. Renal interstitial infil-
trates have been described in cases of RTA associated
with idiopathic hypergammaglobulinemia. hypergamma-
globulinemic purpura. chronic active hepatitis, primary
biliary cirrhosis. and SLE [18, 21. 22, 24-29]. Whether
the renal findings in these discases arc limited solely to
paticnts with abnormalities in urine acidification has not
been delineated. Renal pathologic examination is not
available for the cases of RTA associated with the other
hyperglobulinemic entities listed in table V. but most of
these discases can cause renal tubular injury and/or an
interstinial nephrins, Inaddition. theimmunologically me-
diated interstinial infiltrate which occurs with the trans-
plant rejection process can be accompanied by RTA [30).

Although these data suggest that the renal lymphocytic
infiltrate and the development of RTA are interrelated in
patients with Sjogren’s syndrome and perhaps with other
forms of hyperglobulinemic RTA, the nature of this rela-
tonship is unclear. The infiltrate could be a response to a
primary insult of the tubular epithelium or alternatively
could be a reflection of an immunologically mediated
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process that alters tubular function [16). How these pro-
cesses impair H* transport by the distal nephron has not
been delineated.

It should be emphasized that with Sjogren’s syn-
drome. the nephron site as well as the nature of the tubu-
lar dysfunction may not be selectively limited to distal
nephron hydrogen i1on transport. Abnormalities in the
urine concentrating mechanism have also been described
in Sjogren’s svndrome [17. 31]. However, since both dis-
tal RTA and hypokalemia can impair the concentrating
mechanism; it is not clear whether this represents a direct
effect of the intersutial process or 1s secondary to RTA
and/or hypokalemia. In addition, although reported less
frequently than distal RTA, proximal renal tubular aci-
dosis as well as other manifestations of proximal tubule
dysfunction, 1.c., the Fanconi syndrome. have been de-
scribed with Sjogren’s syndrom [17, 32, 33). Hence.
although the renal pathologic process appears to have a
predilection for the distal nephron, it can also involve the
more proximal portion of the tubule.

I would like to conclude by emphasizing the value of
aggressive alkali administration in the therapy of patents
with distal renal tubular acidosis. McSherry and Morris
[34] have recently shown a substantial improvement in
growth by children with RTA treated with adequate
amounts of alkali and 1t s probably also helpful for the
bone disease. which occurs in adults.

In addition. the data suggest that alkali therapy may
diminish stone formation and be beneficial for nephro-
calcinosis [35]. The latter two effects may result from the
enhanced citrate and diminished calcium excretion,
which accompany alkali therapy.

Although there are no specific reports of the benefits of
alkali therapy in patients with S)dgren’s syndrome as a
cause of distal RTA. 1t would secm prudent to treat them
in similar fashion.

Dr. Feinstein

Dr. Richard Blau of the Division of Rheumatology will
now give us an overview of some of the nonrenal manifes-
tations of Sjdgren’s syndrone.

Dr. Blau

This patient’s illness illustrates a number of the char-
acteristic features of Sjogren’s syndrome, For purposes of
classification, Sjogren's syndrome is usually separated
into a primary and secondary form. In both. the sicca
complex (xerophthalmia and xcrostomia) is present, but
the secondary type of sicca complex is associated with a
systemic rheumatic disease such as rhcumatoid arthritis,
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Diém dang quan tdm 1a cich ma tinh trang ting
globulin mau va hoi ching Sjogren lai gy ra tinh
trang RTA. Phan nira bénh nhan c6 hoi ching
Sjogren dic trung boi tinh trang khd mit, khd
miéng va viém khop. Cac triéu ching ¢ mat va
miéng gay ra do sy tham nhiém té bao lympho &
tuyén nudc bot va tuyén I8¢, tir d6 1am ton thuong
chirc nang bai tiét. Tinh trang tham nhidm lympho
d6 ciing trong tu ¢ than trong dai da s6 cac truong
hop c6 hoi chiing Sjogren gy RTA khi than dugc
xem xét qua goc nhin giai phau bénh. Phan 16n
cac bang ching cho thay mdi tuong quan gitra
chie nang- va sinh Iy bénh rd rét duoc cong bd
bai Shioji va cong su. Ba trong bén truong hop
hoi chung Sjogren gay RTA c6 tham nhiém k&
than va bénh nhan thir tu 6 tinh trang xo hoa kg,
trong khi ca bn truong hop khdng c6 RTA lai ¢6
CAu tric than binh thuong.

Hinh anh sinh ly bénh hoc cling tuwong tu & cac
bdi canh ting globulin mau va RTA khac. Su
tham nhiém mo k& than dugc mé ta & cac truong
hop RTA kém ting gammaglobulin mau vo can,
ban xuat huyét ting gammaglobulin mau, viém
gan man hoat dong, xo gan mat tién phat, va SLE.
Trong khi c4c ton thuong thdy & than & cac bénh
nay chi gisi han & cac bénh nhan c6 bat thuong
d6 acid hoa nuoc tiéu lai khong duoc cong bd
(Whether the renal findings in these diseases are
limited solely to patients with abnormalities in
urine acidification has not been delineated).
Khoéng c6 cac bang chimg thong qua tham kham,
xét nghiém lién quan sinh ly bénh cua than ¢ cac
truong hop c6 RTA lién quan dén cac nguyén
nhén gay khac gay tang globulin mau da duoc liét
ké & Bang V, nhung da sb cac bénh ly nay c6 thé
gay ton thuong 6ng than va/hoic viém than ka.
Thém nira, tinh trang thAm nhiém k& than do cac
chit trung gian mién dich xay ra do qua trinh thai
ghép c6 thé di cung vaoi RTA.

Du cé4c dir liéu goi ¥ rang c6 tinh trang tham
nhiém té bao lympho & than va su xuat hién cua
RTA l1a c6 lién quan véi nhau & bénh nhan c6 hoi
chiing Sjogren va cd I€ & ca cac bénh nhén c6 hoi
ching RTA ting globulin mau, nhung méi lién
quan tu nhién nay cting khéng ré rang. Su tham
nhiém c6 thé 1a nguyén nhan chinh giy hu hai té
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bao thuong bi 5ng than hoic noi cach khac cd thé
phan anh qué trinh cac chat trung gian mién dich
thay ddi chic ning ciia 6ng than. Cac ma qua
trinh nay 1am hu hai sy van chuyén cua ion H+ &
6ng luon xa hién chua duoc ma ta rd rang.

Can nhan manh rang & hoi ching Sjogren, dng
than ciing nhu rdi loan chirc nang cua dng than co
thé khdng giGi han & sy van chuyén H+ noi dng
luon xa khéng thdi. Cac bat thuong ¢ co ché ¢o
dic nudc tiéu ciing duoc md ta trong hoi ching
nay. Tuy nhién, boi ca RTA type 1 va tinh trang
ha kali mau c6 thé gay anh hudéng dén co ché cd
dic; nén khong rd liéu co hay khong diéu nay gay
phan anh tac dung truc tiép cua tinh trang ton
thuong mo ké than hay né la tinh trang thir phat
gay ra RTA va/hoac ha kali mau. Thém nira, du it
dugc bdo cao hon so véi RTA type 1, toan hoa
dng luon gan ciing nhu cac nguyén nhan khac gay
r6i loan chirc nang 6ng luon gan, nhu hoi ching
Fanconi, cling dugc md ta cung véi hoi chung
Sjogren. Do d6, du qué trinh bénh hoc than tréng
O vé rat lién quan dén ton thuong ong luon xa,
nhung né ciing c6 thé kém ca ton thuong dng luon
gan.

Toi xin két luan bang cach nhan manh gié tri caa
viéc truyén bu bicarbonate tich cuc & cac bénh
nhan toan héa 6ng luon xa. CAc tac gia McSherry
va Morris moi day da cho thay su cai thién rd rét
trong sy phét trién cua tré em méc RTA duoc diéu
tri véi mot luong kiém di va c6 thé s& cé ich trong
viéc diéu tri bénh Iy xuong ¢ ngudi truéng thanh.

Ngoai ra, cac du liéu ciing goi y rang liéu phép
kiém hoa c6 thé gitp han ché sy hinh thanh soi
than va c6 loi di vai tinh trang tham nhidm calci
& than. Hai tac dung nay c6 thé mang lai do viéc
tang thai citrate va giam thai calci khi &p dung tri
liéu kiém héa méu.

Du khong c6 cac b4o céo cu thé vé lgi ich cua
kiém héa méau ¢ bénh nhan c6 hoi chiang Sjogren
ma gay ra RTA 4ng lugn xa, nhung phuong phép
nay duong nhu c6 tiém ning trong viéc diéu tri
c4c rdi loan twong tu trong tuong lai.
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Fig. 1. Glomerulus showing mild segmental increase in mesangal
matnx. Note also adjacent tubule with cast and mild intersutial cel-
lular infiltrate. Penodic acid-Schiff, X 430,

progressive systemic sclerosis, or systemic lupus erythe-

- matosus. In addition to the salivary and lacrimal glands.
other exocrine glands may be involved, such as the muco-
sal glands of the upper and lower respiratory tract, the
pancreas. and the female genital organs [49].

The symptoms of the sicca complex arc due to the
decrease in tear and saliva production. Destruction of the
cornceal epithelium may occur leading to pain and redness
in the eyes and photosensitivity [50]. In today’s case.
xerophthalmia was demonstrated by the Schirmer test.
The consequences of xerostomia include dysphagia. ulcer-
ation of the labial and buccal mucosa, and atrophy of the
tongue. Scvere dental carics may be present and loss of
dentition may result. as this patient demonstrates {50].

The pathologic finding in the glands 1s an inflamma-
tory process consisting of lymphocytes and plasma cells
which surround the glandular ducts and infiltrate the aci-
nar tissue resulting in acinar atrophy. Hypertrophy of the
ductal epithelium and the myocpithelial cells leads to the
formation of mycepithelial islands [51). Immunofluores-
cent findings include deposition of IgG, IgA and 1gM and
rheumatoid factor within and around plasma ccll infil-
trates [52].

In addition 10 the sicca complex, this patient showed a
number of serologic abnormalities. The antinuclear anti-
body titre was elevated. a finding seen in 37-75% of
patients with Sjogren’s syndrome. The presence of rheu-
matoid factor 1s also a frequent feature (52-98% of
patients) [S1. 53]. Other associated immunologic abnor-
malities include a positive Coomb's test [51]. mixed 1gG-
[gM cryoglobulinemia [50]. and polyclonal hypergamma-
globulinemia [53). Antibodies against smooth muscle,
gastric parietal cells. thyroid microsomes and thyroglobu-

Fig. 2, Chronic tubulointerstitial nephritis. There is tubular dila-
tation and atrophy. and an infiltrate of lymphocytes. plasma cells and
fibroblasts 1n the interstitium. Periodic acid-SchifY. X 430,

lin have been described [53). Decreased C3 concentration
as in today’s patient, suggests the presence of vasculitis.
HLA 1yping of patients with secondary Sjogren’s syn-
drome has demonstrated an increased prevalence of
HLA-B8 and HLA-Dw3 [54]. Our paticnt. however, did
not have these HLA antigens. Other features of this
patient’s illness which may be related to Sjégren’s syn-
drome include the nausea and vomiting which were her
admitting complaints. In view of the elevated serum
amylase. the patient may have had pancreautis as part of
the Sjégren’s syndrome. Pulmonary infiltrates may also
be scen as a manifestation of the disease involving the
lower respiratory tract [53].

In summary, today's patient has primary $jogren's
syndrome with involvement of the kidneys leading to dis-
tal renal wbular acidosis. The associated immunologic
findings are compatible with Syégren’s syndrome but, as
Dr. Tannen menuoned systemic lupus erythematosus
cannot be ruled out

Dr. Feinstein
Dr. Koss would vou please present the findings from the
renal biopsy.

Dr. Koss

The biopsy was adequate, with eight glomeruli present
in fragments of cortex and medulla. Four of the glomeruli
were sclerotic and the remainder showed mild focal and
segmental mesangial hypercellularity and increased me-
sangial matrix (fig. 1). The most striking finding was the
presence of tubulointerstitial nephrius, consisting of focal
collections of lymphocytes and plasma cells bordering
mildly dilated proximal tubules (fig. 2). Numcrous casts
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BS. Feinstein

Bay gio BS. Richard Blau cuia phan khoa Thdp-
hoc sé cho chiling ta mét cai nhin chung vé cac
biéu hién ngoai than cua hgi ching Sjogren.

BS. Blau

B4i canh bénh nhan nay cho thiy cac diém dac
trung cua hoi chung Sjogren. Vi myc tiéu phéan
loai, hoi chirg nay thuong duoc chia ra thanh hai
dang, tién phat va thtr phat. Ca hai dang, déu co
tinh trang khd mat- miéng, nhung dang thir phat
thi lién quan dén bénh Iy thap ¢ tinh hé thong, vi
du viém khop dang thap, xo cing hé thong tién
trién hodc Lupus ban do hé théng. Ngoai tuyén
nuéc bot va tuyén Ié bi anh huéng, cac tuyén
ngoai tiét khac co thé ciing khong binh thuong
nhu tuyén tiét chat nhon cia duong hd hap trén
va dudi, tuy va co quan sinh duc ¢ nit.

Céc triéu ching tiét cia mat va nudc bot gy ra
boi su giam sUt tiét nuéc mét va nude bot. Su phé
hity caa thuong bi gidc mac c6 thé dua dén dau,
d6 mit va nhay cam véi anh sang. O bénh nhan
nay, tinh trang khoé giac mac dugc xac dinh qua
Schirmer test. Hau qua caa khd miéng la nuét
khd, loét & mbi va niém mac trong cta m4, teo
ludi. Sau rang nang co thé dua dén tinh trang mat
rang, nhu ¢ bénh nhan nay.

Cac dau hiéu bénh ly ¢ tuyén 1a dién tién viém
kém véi tinh trang thAm nhiém bach cau, té bao
méu quanh 6ng tuyén va tham nhiém vao céc té
bao chirc ning ngoai tiét dwa dén tinh trang teo
c4c té bao nay. Phi dai té bao thuong bi 6ng tuyén
va |6p té bao biéu mo tuyén gay ra su hinh thanh
cac dao té bao biéu mé tuyén. Nhuom mién dich
huynh quang thay c6 su tham nhiém 1gG, IgA va
IgM ciing nhu yéu t6 thip bén trong va chung
quanh vi tri thAm nhiém ciia cAc té bao mau.

Cung Véi cac bat thuang néi trén, bénh nhan con
c6 cac rdi loan vé huyét thanh. Khang thé khang
nhan ting, thiy trong 37-35% bénh nhan c6 hoi
chang Sjogren. Yéu té thip ciing thuong gap (52-
98% bénh nhan). Cac bat thuong mién dich lién
guan khac gom test Coomb duong tinh, phirc hop
mién dich 1gG-IgM mau, ting gammaglobulin
mau da dong. Cac khang thé khang co tron, té bao
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thanh da day, microsome tuyén giap,
thyroglobulin ciing d3 dwoc nhic dén. Giam nong
do C3 cling gap ¢ bénh nhan nay, goi y tinh trang
viém mach. HLA cta bénh nhan c6 Sjogren thir
phat dugc xac dinh qua tinh trang tang HLA-B8
va HLA-Dw3. Tuy nhién, bénh nhan chdng ta
khong c6 khang nguyén HLA. Cac dic diém khéc
ctia bénh nhan ma cd thé lién quan dén Sjogren la
budn ndn, mira lam bénh nhan phai nhap vién. Su
kién ting amylase mau goi ¥ bénh nhan c6 thé
viém tuy nhu 1a mét phan cua hoi chieng Sjogren.
Tham nhiém phdi c6 thé nhu 1a mot biéu hién cua
bénh lién quan dén duong hd hap dudi.

Tom lai, bénh nhan mac hoi chiing Sjogren tién
phét v6i ton thuong ¢ than dua dén toan hoa éng
than. Cac dau hiéu mién dich di kém 1a biéu hi¢n
xuat hién trong bdi canh cua hoi ching nay,
nhung nhu BS. Tannen di noi, khong thé loai tir
dugc bénh lupus ban do & bénh nhan nay.

BS. Feinstein

BS. Koss sé trinh bay céc biéu hién tim thdy ¢ két
qud sinh thiét than.

BS. Koss

Fig. 1. Glomerulus showing mild segmental increasc in mesangial
matrix. Note also adjacent tubule with cast and mild interstitial cel-
lular infiltrate. Periodic acid-Schiff. X 430.

Hinh 1. Cﬁu thdn c6 cac chat ¢ té bao canh mao mach cau thdn gia tang. Co
cac try lan tham nhiém nhe gian té bao.

Két qua sinh thiét than du, véi tam cau tric cau
than véi cau tric tay vo rd rang. Bon cau triic cau
than bj xo hoa va phan con lai cho thiy su ting
sinh tai chd timg doan cua té bao gian mao mach
cau than (mesangial hypercellularity) 1in mé k&
ctia cu tric nay (Hinh 1). Dau hiéu thay rd nhat
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1a hinh anh viém than md k& dng than, gom su tu
tap cua bach cau va té bao mau nam sat cac ong
luon gan bi gidn ng (Hinh 2). Rat nhiéu try hién
dién ¢ 6ng lugn xa va co sy xo hda quanh ng
than viing tay cta cu than. Pong mach gian thiy
thé hién tinh trang xo hoa & 16p giita. Hinh anh
dudi kinh hién vi qua nhuom mién dich huynh
quang (immuno-fluorescence, IF) cho thiy 1-2+
IgG, 1gA, va IgM & md k& than, thé hién rd tinh
trang viém té bao. Khong c6 sy ling dong phuc
ho nao & cau than va dng than, nhung chi ¢6 2 cau
than & hinh anh nay.

Fig. 2. Chronic tubulointerstitial nephritis. There is tubular dila-
tation and atrophy, and an infiltrate of lymphocytes. plasma cells and
fibroblasts in the interstitium. Periodic acid-Schifl. X 430.

Hinh 2. viem cau thdn déng thdn m6 k& man tinh. C6 tinh trang gian va teo
ong thdn, ciing nhuw sy thAm nhiem té bao lympho, té bao plasma (mau) va
tinh trang xo héa mé ke.

O kinh hién vi dién tur, chling ta nhan thay cé sy
tham nhiém mo k& than bai bach cau, nguyén bao
lympho, té bao mau va mot luong Ién collagen.
Khoéng thay co su ling dong véi mat do dién tir
cao & ca mo k& lan mang day cuia 5ng than, nhung
& cau than c6 mot vai sy ling dong & té bao gian
mach canh cau than (Hinh 3). Mang déy cau than,
nguoc lai, khdng thiy c6 su ling dong va céc ciu
trdc chan cua l6p thugng bi boc bén ngoai cac
mao mach cau than (visceral epithelial foot
processes) nhin chung khdng bi anh huong gi.
Ciing khong thay cac ciu tric gibng myxovirus,
hoic cac hinh anh 'd4u van tay'. Tém lai, trén sinh
thiét than thé hién hinh anh viém mé k& éng than
man tinh kém ting viém cau than ting sinh ting
viing cua té bao canh mao mach cau than cing véi
su ling dong dién tich trén cac té bao nay. Su
thiéu ving cac chat nhuom mién dich ¢ cau than
that khé dé ly giai: c6 thé c6 sy phan phéi khu tri

17

va timng phan cua céc chat ling dong thiy trén
kinh hién vi dién tir va sy gian doan cuia cau than
hién dién trén hinh anh hién vi huynh quang mién
dich dua ra mét nd luc dé giai thich cho didu nay.
O bét ca tinh hudng nao, thi cac dau hiéu giai

phau bénh thiy duoc déu tuong dong cac truong ve

hgp bénh nhan co6 hdi chirng Sjogren.

Fig. 3. Elcctron micrograph of a glomerular mesangial region.
Note presence of discrete clectron-dense deposits adjacent to mesan-
gial cell cvtoplasm.

Hinh 3. Hinh dnh dién tir cho thdy cac viing canh mao mach cau than. Luu
¢6 su hi¢n dién cua phwucs hop lang dong o té bao chat cia céc te bao canh
mao mach cau than.

BS. Feinstein

Toi muon cdam on tdt ca cac ban dong nghiép da
tham gia buoi thao lugn vé mét tinh huong dac
biét nhuwe the nay.
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Fig. 3. Electron micrograph of a glomerular mesangial region,
Note presence of discrete clectron-dense deposits adjacent to mesan-
gual cell evtoplasm.

were present in the distal tubules. and the medulla
showed peritubular fibrosis, An interlobular artery dem-
onstrated modcrate subintimal sclerosis. The immuno-
Nuorescence (IF) microscopy showed 1-2+ staining for
IgG. IgA and IgM in the renal interstitium. apparently
within inflammatory cells. No tubular or glomerular
granular deposits were seen, but only 2 glomeruli were
examined.

An intersuitial infiltrate of lymphocytes, lymphoblasts
and plasma cells and abundant interstitial collagen was
also found by electron microscopy. No unequivocal elec-
tron-dense deposits were seen in cither interstitium or
tubular basement membranes, but glomeruli showed a
few segmented mesangial clectron-dense deposits (fig. 3).
The glomerular basement membranes. by contrast
showed no deposits and the visceral epithelial foot pro-
cesses were generaly well preserved. Myxovirus-like
structures were not scen, nor were “fingerprints’ identi-
fied. In summary. the renal biopsy showed chronic tubu-
lointerstitial nephritis with segmented mesangioprolifer-
ative glomerulonephritis and mesangial electron-dense
deposits. The lack of immunorcaciants in glomeruli is
perplexing: perhaps the focal and scgmental distribution
of the deposits scen by clectron microscopy and the pau-
city of glomeruli available for study in the IF microscopy
preparation afford an explanation. In any case. the renal
pathologic findings are in accord with those reported in
Sjogren’s syndrome.

Dr. Feinstein
1 would like to thank all of the participants for an excel-
lent discussion of this very interesting case.
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Toan hoa ong than — Nhic lai®
3 a .

\ . T

Binh thuong - Ong lrgn gan

Tai té bao thuong bi cua dng lugn gan (epithelial cell of proximal convoluted tubule), c6 kénh Sodium-
hydrogen Exchanger 3 (Sodium-hydrogen Antiporter, NHE3) nam trén bd ban chai (vi mao) huéng vao
long dng, va kénh sodium-potassium ATP pump (hoic Na+/K+-ATPase hoic Na+/K+ Pump) ni két giira
té bao sat véi mach mau.

Céc chat dién giai dugc van chuyén tir ong dng (trong dich loc) vao té bao thugng bi nay trong d6 ¢ Natri,
Chlore, Kali va HCO3.

e Kénh NHE3 dua 1 Na+ vao té bao va day 1 H+ vao trong dich loc ¢ 10ng dng luon gan.
e HCO3 khdng thé di chuyén tryc tiép xuyén mang dé vao trong té bao duoc.

o Mano phai két hop voi H+ dé tao thanh H2CO3, chit nay dudi tac dung caa men Carbonic
Anhydrase IV (CA 1V) tai bo ban chai tao thanh CO2 va H20 va khuéch tan dé dang vao
trong té bao. Bén trong té bao, CA Il gitp két hop CO2 va H20 dé tao thanh H2CO3 rdi
tur d6 phan tach thanh H+ va HCO3-.

o H+ tro lai vong lap cta no, di ra khoi té bao qua kénh NHE3 dé d6i 1 Na+ tir dich loc vao
té bao. Con HCO3- cung Na+ di qua kénh Sodium-bicarbonate Co-transporter 1 (NBC1,
nam & day té bao tiép giap vai mach mau) dé duoc tai hap thu vao mau.

e Vay véi 1 H+ duoc thai vao dich loc noi 1ong dng lugn gan s& ¢6 1 HCO3- dugc hap thu vao mau.

e Na+ dugc trao ddi voi K+ théng qua bom Na+/K+ ATPase & day té bao. Ban than K+ di chuyén
tir t& bao vao mau maot cach tu do tly theo chénh &p ndng d¢ théng qua 1 kénh gianh riéng cho
Kali.

% USMLE Step 1 High Yield: Nephrology: Renal Tubular Acidosis. Kaplan Medical https:/youtu.be/yuDDy2KxG7M
Nguwoi ghi chép: Nguyen Dic Thanh Liém
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Hinh. Rai logn trong RTA type 2

Xay ra do su bat thuong hap thu HCO3- tr lai tir dich loc vao té bao thuong bi 16t 10ng éng luon gan, dwa
dén su dao thai qua mic HCO3- ra nudc tiéu.

e Néu xay ra su bt hoat dong cia NHE3, Na s& khong dugc tai hap thu, va H+ s& khong c6 co hoi
dugc thai tir té bao thugng bi 16t dng vao dich loc bén trong long 6ng. Su sut giam H+ di vao 1ong
ong kéo theo tinh trang giam sinh tao H2CO3 nén HCO3- khong dugc hip thu vao té bao ma bi
thai theo dich loc.

e Trong trudng hop NBC1 bét hoat, tir CO2 va H20 dudi tac dung cua CA Il s& tao dugc H2CO3,
va roi tao thanh HCO3- + H+, do kénh NBC1 bt hoat, nén HCO3- khong dugc chuyén vao mau,
tir d6 lam & dong HCO3 ¢ trong té bao trong khi thiéu HCO3- trong méu, va gy ra toan chuyén
hoa. H+ duoc tao ra dugc giai phong vao 1ong éng khi duge trao ddi véi Na+ di vao té bao qua
kénh NHE3.
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J
dos ntercalated cell /,9/
»

Lumen of Collecting Duct

Binh thwong - Ong lwgn xa, 6ng gop
Long 6ng gop dugc 16t bai té bao chinh (principal cell, PC) va té bao chen-giita (intercalated cell, IC).

e O té bao chinh (PC)

(0]

Théng thudng Aldosteron (ALD) trong té bao chinh sé kich dong ENaC (Epithelial sodium
channel, kénh natri & thugng bi/bd ban chai) dé van chuyén chu dong Na+ vao trong té
bao, gay ra tinh trang tich dién am & long ng gop.

ALD ciing kich dong kénh Na+/K+ ATPase dé day Na+ tir t& bao vao mau va doi lay K+
vao trong té bao chinh nay.

Luong Kali nay bi thu hit bai tinh trang tich dién am & 10ng 6ng gop nén thoét ra khoi té
bao - di vao long ong thdng qua kénh ROMK (the renal outer medullary potassium
channel, 12 mot kénh van chuyén Kali can sir dung nang lugng ATP).

e O té bao chen-giira (IC)

(e]

ALD kich dong kénh H+ATPase va clng vai tinh trang tich dién am & 6ng gop, day H+
ra khoi té bao qua kénh H+ATPase.
Ciing bén trong té bao, CO2 va H20 két hop nhau duéi téc dung caa enzyme CA 1l tao
thanh H2CO3, rdi chit nay tach thanh HCO3- va H+.
= H+ duoc trao ddi vao 1ong éng gop thong qua kénh H+/K+ ATPase dé doi lay 1
K+ tir 1dng 6ng gop vao té bao.
= HCO3- dugc tai hap thu vao mau théng qua kénh AE1 (anion exchanger 1, hoic
tén khéc Bicarbonate-Chloride Exchanger) doi lay Chlore vao té bao.
= Ban than cac ion Cl- ndy c6 thé tai hap thu theo 16i khuéch tan thu dong theo nong
d6 dé di nguoc lai vao mau, hodc duoc van chuyén chi dong cling véi Kali dé vao
mau thong qua bom KCl (kali-chlore pump).

e Trong long 6ng gop, H+ két hop voi HPO43- va NH3- dé tao thanh H2PO4- va NH4+ rdi thai ra
ngoai theo nudc tiéu.

Vé Muc luc | 21
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Toan hoa éng than do ng lwon xa va éng gop (RTA type 1)

e Thuong gap nhat gay ra bai sy bét hoat ciia kénh H+ATPase® ¢ té bao chen-giira, ngoai ra, con co
thé do su bét hoat ciia H+/K+ ATPase. Su bat hoat cua hai kénh nay 1am & dong H+ bén trong té
bao IC nay va khdng thai vao dich loc gay ra toan chuyén hoa.

e V6i truong hop bét hoat kénh H+/K+ ATPase, kali khong duoc tai hap thu va do d6 gy ha kali
méu. V&i trudng hop kénh AE1 khong hoat dong, HCO3- & té bao chen-giira khong duoc tai hip
thu vao méu gay giam HCO3-, tir d6 gay toan hda mau.

Vé Muc luc | 22

Toan hoa 6ng than lién quan dén suy giam chirc niing Aldosteron (RTA type 4)7
: \

Intercalated a}'ﬁ
Q- \

R &/

Lién quan dén tinh trang thiéu hut Aldosteron hoic co thé khdng nhay cam vai tac dung cua ALD.

e Trong té bao chinh
o Sy thiéu hut ALD hoic xay ra su dé khang cia ALD trén ENaC ¢ té bao chinh 16t trong
long dng gdp 1am Na2+ khong vao duoc té bao, do d6 gy ting dién tich dwong & dich loc
long dng gop.
o Thiéu ving tac dung ciia ALD ciing 1am kénh Na+/K+ ATPase kém hoat dong, do d6 lam
K+ khéng dugc thai tir mau vao té bao chinh, tir d6 gay hién twong ting kali méu.
e Trong té bao chen-giira
o Sy thiéu hut ALD mau lam gia ting dién tich dwong & dich ldng éng gop (va ciing 1am wrc
ché kénh H+ATPase) tir d6 lam giam thai H+ tir té bao chen giita (IC) vao dich loc trong
long dng, va dua dén tinh trang toan chuyén hoa.

Tom titd

K Ca pH urine Nephrolithiasis
2 — proximal Low Normal <5.5 No
1 (odd) — distal Low High >55 Yes
4 — collecting More Normal <55 No

¢ Ma ¢6 nguyén nhan gdc ré do dgt bién gene, hodc cac bénh Iy tw mién niue hgi chimg Sjogren. o
" RTA type 3, la tinh trang trong dé nguyén nhén nam ca ¢ ong lwon gan, xa va ong gop. Tinh huong nay rat hiem gap.
8 Renal Tubular Acidosis. Dirty Medicine. https://youtu.be/RPi5a0GgjMQ
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Toan chuyén hoa khong tiing Anion Gap®

Chén do4an

Approach to diagnosis of metabolic pH abnormalities

2 2

Anion Gap > 12 mM
Anion Gap < 12 mM

<} Vé Muc luc | 23

Calculate anion gap = Na - Bicarb - CI

(elevated anion gap)

(normal anion gap)

I 1

Compare:
A Anion Gap = Anion Gap - 10 = elevation of anion gap
4 Bicarb = 24 - Bicarb = reduction in bicarbonate

! !

|

Bicarb <22 mM 2:_';:1:" :;;a;:’" A AG << A Bicarb 4 AG ~ A Bic 4 AG >> A Bicarb
Non-AG gap AG metabolic acidosis AG metabolic
metabolic N Metabolic PLUS non-AG AG “;:?T"‘ acidosis PLUS
acidosis SIES alkalosis metabolic acidosis » AZ‘:I A metabolic
(pure NAGMA) (AGMA + NAGMA) (pure ) alkalosis

The diagnosis of NAGMA may be made in one of C6 thé chan doan tinh trang Toan chuyén héa

two ways (red arrows above) khong tang Anion Gap (Non-anion-gap metabolic
acidosis, NAGMA\) bing mot trong hai cach sau
(mii tén d6 trén hinh)

e Patient has normal anion gap with e Bénh nhan c6 toan chuyén héa véi khoang

metabolic acidosis (bicarbonate < 22 mM).
Patient has an anion gap metabolic
acidosis, but the decrease in bicarbonate is
much greater than the elevation in anion
gap (indicating the combination of an
anion-gap metabolic acidosis plus a non-
anion-gap metabolic acidosis).

trong Anion binh thudng (bicarbonate <
22mM).

Bénh nhan c6 toan chuyén hoa ting
khoang tréng anion, nhung tinh trang sut
giam bicarbonate 16p hon nhiéu so véi
khoang trong anion nay (4m chi tinh huéng
c6 két hop gitra toan chuyén hoa ting
anion-gap KEM THEM toan chuyén héa
khong tang anion-gap).

® Non-anion-gap metabolic acidosis (NAGMA) September 19, 2019 by Josh Farkas Non-anion-gap metabolic acidosis (NAGMA) - EMCrit Project
Ngueoi dich: Nguyén Dic Thanh Liém



https://emcrit.org/ibcc/nagma/#diagnosis

Nguyén nhan
Common causes of NAGMA

Normal saline infusion

Resolving diabetic ketoacidosis (discussed

further here)

Gastrointestinal bicarbonate loss

o Diarrhea (especially secretory)

o High-output fistulas, pancreatic/biliary
drainage

Ureteroileostomy or ureterosigmoidostomy

Renal insufficiency (typically when GFR is

between 20-50 ml/min)

Exogenous acid (e.g. total parenteral nutrition,

calcium chloride)

Chronic hyperventilation (extremely rare)

Renal tubular acidosis (RTA) — Numerous

causes shown on the table below

RTA-1
(Generalized distal)

Céc nguyén nhan hay gap nhat gdy NAGMA

Lab findings

Truyén nhiéu nuéc mudi sinh ly (normal saline,

NS)

Toan keton dai duong dang cai thié

Mat bicarbonate qua duong da day rudt

o Tiéu chay (dac biét & dang mat dich tiét)

o R0 duong thdng ndi dng tidu hda véi lwong
dich mat Ién, dan luu mat/tyy

Phau thuat tao hinh bang quang tir da day hozc

dai trang sigma

Suy chtrc nang than (dac biét khi GFR 20-50

ml/phat)

Co0 su hién dién cua céc acid ngoai sinh (vi dy,

truyén dinh dudng tinh mach, calcium

chloride)

Thong khi qua mirc 1au dai (trudng hop nay cuc

ky hiem gap)

Toan héa bng than (Renal Tubular acidosis,

RTA) - rat nhiéu bénh nguyén gay ra tinh trang

nay s& duoc nhic & bang bén dudi.

RTA-4

(Ald ' or defici )

nlO

RTA-2
(Proximal)

Typical severity of acidosis Bicarb ~10-20 mM

Potassium i
Other electrolytes

Glucosuria

Urine pH! >5.3
Urine osmolar gap <150 mOsm

Bicarb ~12-20 mM Mild (Bicarb >17 mM)

N /" (often primary manifestation)

In generalized prox tubule dysfunx:
d Ca, L Mg, L Phos, { Uric acid

¥
Variable Usually <5.5
>150 mOsm <150 mOsm

Amphotericin
NSAIDs
Lithium
Ifosfamide
Foscarnet

Medications

Wilson's disease
Sickle cell anemia
Ehlers-Danlos, Marfan’s

Genetic disorders

Hypercalciuria
Hyperthyroidism
Hyperparathyroidism
Vitamin D intoxication

Metabolic disorders

SLE, RA, Sjogren’s, Thyroiditis
Primary Biliary Cirrhosis
Cryoglobulinemia
HIV-associated nephropathy
Obstructive nephropathy
Renal transplant rejection
Amyloidosis

Toluene abuse

Other

Carbonic anhydrase inhibitors
- Acetazolamide

- Topiramate

- Mafenide acetate
Generalized defect

- Aminoglycosides

- Tenofovir, anti-retrovirals

Trimethoprim, pentamidine
Amiloride, triamterene
Spironolactone, eplerenone
ACE-i, ARB, renin inhibitors
NSAIDs, beta-blockers
Cyclosporine, tacrolimus
Heparin

- Valproic acid
- Chemotherapeutics (e.g. platinum agents,

Ifosfamide)

Wilson’s disease

Hypocalcemia
Hyperparathyroidism
Vitamin D deficiency

Multiple

SLE, Sjogren’s

Renal transplant rejection
Amyloidosis

Nephrotic syndrome
Lead/Cadmium/Mercury poisoning

ulmCrit

Sickle cell anemia

P

Adrenal insufficiency

al Care, by

Critic

Diabetic

Hypertensive nephropathy

Multiple myeloma, monoclonal gammopathy
SLE, glomerulonephritis

Renal transplant rejection

Amyloidosis

Obstructive nephropathy
Sickle cell disease

The Internet Book of

(1) Dipstick measurement of pH isn’t sufficiently accurate. For a reliable measurement, fresh urine should be evaluated with a pH meter.

10 Xem thém thao lugn ¢ bai: PulmCrit- Dominating the Acidosis in DKA, Josh Farkas, 2016. https://emcrit.org/pulmcrit/bicarbonate-dka/
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Tim kiém nguyén nhan
(1) Is there a clear cause based on clinical
history?

The cause of NAGMA is often fairly clear,
based on a review of clinical history and
medications.

The potassium level may be used as an early

clue to the etiology of NAGMA (table below).

o This isn't 100% accurate but may help
point out the right direction.

o Will be more helpful if the potassium is
markedly abnormal. Also, may be more
helpful in patients with fewer active
medical problems (who are more likely to
have a single unifying diagnosis).

If a likely cause is present, this may simply be

treated. Additional diagnostic evaluation may

not be needed (unless the patient fails to
respond to therapy).

25

(1) C6 nguyén nhan nao rd rang tim dwoc tir
bénh sir hay khong?

Nguyén nhan cia NAGMA thuong twong dbi
rd rang, dua vao bénh sir va cac thubc da sir
dung trude do.

Kali c6 thé dung nhu 1a mot bang ching dé

dinh nguyén nhan cia NAGMA (xem bang

dudai, "Using potassium as a clue to etiology in

NAGMA™)

o L& duong nhién, bang goi y nay khong
dang 100%, nhung nd gitip nha lam sang
di dang hudng.

o Néu ndng do kali bat thuong, bang phan
loai ¢ thé tré' nén hitu ich hon. twong tu,
véi bénh nhan it bénh nén thi viéc dinh
hudéng nguyén nhan sé trg nén dé dang hon
(bénh nhan nhiéu kha nang chi c6 mot
nguyén nhan dang bi an giau gay
NAGMA)

Néu dinh duoc nguyén nhan kha di, c6 thé diéu

tri bénh nhan ngay. Dung thém céc test chén

doan d6i khi s& khong can thiét (trir khi bénh
nhan khéng dap tng voi lugt diéu tri dau tién).

Using potassium as a clue to etiology in NAGMA

Normal saline infusion
Exogenous acid administration

- total parenteral nutrition

RTA type-4 (causes listed below)
Chronic renal insufficiency

(2) Laboratory workup of NAGMA

Complete
Ca/Mg/Phos)
Urinalysis
Urine chemistries:
o Urine sodium, potassium, glucose, urea,
osmolarity
o Urine pH (Measure accurately with a pH
meter).

electrolytes (including

Gastrointestinal bicarb loss

- Diarrhea

- Intestinal fistulae

Ureteroileostomy

RTA type-1 or type-2 (causes listed below)
D-lactic acidosis

(2) Xét nghiém trong NAGMA

Dién giai do (gom ca Ca/Mg/Phos)

Phan tich nudc tiéu

Xét nghiém phan tich nuéc tiéu

o Natri, kali, glucose, urea, d6 tham thiu
nudc tiéu

o pH nuéc tiéu (do chinh xac véi may do
pH)
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(3) Calculate the urine osmolar gap to diagnose (3) Tinh khoang trong d¢ thAm thau nwéc tiéu

type | or type IV RTA

Urine osmolar gap may be calculated based on
the urine sodium, potassium, glucose, urea,
and osmolarity.

o Osmolar Gap = Urine osmolarity —
2(sodium + potassium) — Glucose (in
mg/dL)/18 — Urea (in mg/dL)/28.

o You can do this using this calculator from
QXmD (it's designed for serum osmolal
gap, but it works for urine too).

The osmolar gap is an indirect measurement

of the ammonium (i.e., acid) excreted by the

distal nephron. For a patient with acidosis:

o Osmolar gap >150 mOsm indicates
appropriate ammonium excretion
(excluding RTA type I or IV)

o Osmolar gap <150 mOsm indicates
inadequate ammonium excretion

(suggests RTA type | or 1V)

Type Il (proximal) RTA may secrete normal
amounts of ammonium (and thus their urine
osmolar gap may be appropriately elevated)
(29344509).

Previously the urinary anion gap has been
used for this purpose, but it has numerous
limitations. (24403272). Specifically, the
urinary anion gap may be unreliable due to
polyuria, urine pH > 6.5, or the presence of
unusual anions such as Kketoacids or
penicillins.(29344509)

dé chin doan phan biét gitra RTA type 1 hay 4

Khoang tréng do tham thiu (OsmGap) duoc

tinh dya vao théng so cac chat trong nudc tiéu:

o Osmolar Gap = Urine osmolarity —
2(sodium + potassium) — Glucose (in
mg/dL)/18 — Urea (in mg/dL)/28.

o CO thé dung cdng cu truc tuyén cua
QXmD"

OsmGap nay gian tiép do dwgc ammonium (vi

du, acid) tiét vao dich loc (nuéc tiéu) & 6ng

Iuon Xa. VGi bénh nhan ¢ toan héa thi:

o OsmGap > 150 mOsm chi ra sy bai tiét
ammonium la binh thuong (loai trir dugc
RTA type 1 va 4)

o OsmGap < 150 mOsm chi ra su bai tiét
ammonium & bat thuong (goi ¥ bénh
nhan c6 RTA type 1 hoac 4)

Trong RTA type 2 (réi loan chirc ning 6ng

lugn gan), su bai tiét ammonium binh thuong

(va do d6 OsmGap nuéc tiéu ting binh

thuong).

Trude day, khoang tréng anion nudc tiéu

(Urine-AG) di tirng dung cho muc tiéu phan

biét nay, nhung ban than no co6 cac gidi han.

Pic biét, Urine-AG c6 thé khdng chinh xac

khi bénh nhan c¢6 da niéu, pH niéu > 6.5, hoac

c6 su xuat hién cua céc anion khdng hay gip
nhu ketonacid hoac penicillins.

1 Purpc thiét ké dé do dg khoang trong dg tham thau mdu, nhieng ding dwoe cho nuedc tiéu https://qxmd.com/calculate/calculator_171/osmolal-gap
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Diagnostic approach to Non-Anion Gap Metabolic Acidosis (NAGMA)

Non-anion-gap metabolic acidosis (NAGMA)

L ]

Known source of acid (e.g. normal saline)?
Known source of bicarb loss (e.g. diarrhea)?

m Probably not renal tubular acidosis.
Renal insufficiency?

Treat known problem.

Possibilities:

Is the urine osmolar gap < 150 mOsm?
- Type Il RTA (proximal)

a - Non-RTA etiology

Either Type | RTA (generalized distal) or Type IV RTA (hypoaldosteronism)

Hypokalemia Hyperkalemia
Urine pH >5.3 Usually urine pH <5.5

Further investigation: Sub-classification may be achieved

by checking levels of aldosterone & renin, or by evaluating
responsiveness to fludrocortisone

Further investigation: Evaluate for various possible
etiologies based on patients history
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(4) which type of RTA?

The table below summarizes lab findings &
causes of RTA.

Unfortunately, complex ICU patients with
numerous electrolyte derangements may defy
simple classification.

Urine pH isn't well validated in critically ill
patients, so this shouldn't be relied
upon.(31418093)

(4) RTA type nao?

Bang dudi ddy tom tat cac xét nghiém Ian
nguyén nhan cia RTA.

Nhung khong may la ¢ cac bénh nhén ICU, sy
rbi loan dién giai vo cung phic tap va do d6 ¢o
thé khé dé don gian hoa budc tim nguyén nhan
nay.

pH nudéc tiéu khong phai 1a gié tri dang tin &
bénh nhan hdi stre, do d6 nén than trong.

Typical severity of acidosis

RTA-1

(Generalized distal)

Lab findings

Bicarb ~10-20 mM

Potassium N
Other electrolytes

Glucosuria -
Urine pH! >5.3
Urine osmolar gap <150 mOsm

RTA-2

RTA-4

one resi or

(Ald Aafici )
\

(Proximal)

Bicarb ~12-20 mM Mild (Bicarb >17 mM)

N2  (often primary manifestation)

In generalized prox tubule dysfunx:
{ Ca, L Mg, L Phos, | Uric acid

+ -
Variable Usually <5.5
>150 mOsm <150 mOsm

Causes

Medications

Genetic disorders

A = Hypercalciuria Hypocalcemia Adrenal insufficiency
Metabo“c dlSOrderS Hyperthyroidism Hyperparathyroidism
Hyperparathyroidism Vitamin D deficiency

Other

Amphoteri
NSAIDs
Lithium
Ifosfamide
Foscarnet

cin

Wilson's disease
Sickle cell anemia
Ehlers-Danlos, Marfan’s

Vitamin D intoxication

SLE, RA, Sjogren’s, Thyroiditis
Primary Biliary Cirrhosis
Cryoglobulinemia
HIV-associated nephropathy
Obstructive nephropathy
Renal transplant rejection
Amyloidosis

Toluene abuse

Carbonic anhydrase inhibitors
- Acetazolamide

- Topiramate

- Mafenide acetate
Generalized defect

- Aminoglycosides

Trimethoprim, pentamidine
Amiloride, triamterene
Spironolactone, eplerenone
ACE-i, ARB, renin inhibitors
NSAIDs, beta-blockers
Cyclosporine, tacrolimus

- Tenofovir, anti-retrovirals Heparin
- Valproic acid
- Ch h ics (e.g. i agents,

Ifosfamide)

Wilson's disease

Sickle cell anemia

SLE, Sjogren’s

Renal transplant rejection
Amyloidosis

Nephrotic syndrome
Lead/Cadmium/Mercury poisoning
Paroxysmal nocturnal hemoglobinuria

Diabetic nephropathy
Hypertensive nephropathy
Multiple monoclonal

SLE, glomerulonephritis
Renal transplant rejection
Amyloidosis

Obstructive nephropathy
Sickle cell disease

(1) Dipstick measurement of pH isn’t sufficiently accurate. For a reliable measurement, fresh urine should be evaluated with a pH meter.

-The Internet Book of Critical Care, by @PulmCrit
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(5) investigation of type IV RTA

Causes of Type IV RTA are listed above. °

e Measurement of renin, aldosterone, and
cortisol levels may be helpful (however these e
will take some time to return).

e Empiric fludrocortisone challenge (e.g. 0.2
mg) might be considered while awaiting e
laboratory  studies. Mineralocorticoid
deficiency (green boxes above) is suggested if
fludrocortisone induces an increase in the
urinary trans-tubular potassium gradient
(TTKG) after four hours with a subsequent
reduction in serum potassium.(24259739,
18216310)

(5) Nguyén nhan cia RTA type 4

Cac nguyén nhan gay RTA type 4 duoc kiét ké
o trén

Do nong do Renin, aldosterone, va cortisol ¢6
thé s& hitu ich cho chén doan (tuy nhién, c6 thé
s& mat thoi gian dé cho két qua).

C6 thé can nhic sir dung test Fludro-cortisone
theo kinh nghiém (vi dy, 0.2mg) trong khi cho
két qua xét nghiém. CO thé nghi dén céc
nguyén nhan trong bang xanh thé hién sy thiéu
hut cac chat mineralocorticoid (dugc tiét tir vo
thuong than nhu aldosterone, cortisol) néu xay
ra su Kién gia ting chénh léch nong do kali
xuyén 1ong ong than (trans-tubular potassium
gradient, TTKG) dudi tac dong cua fludro-
cortisone 5 gi¢o sau tiém kém véi su sut giam
kali mau.

Type IV RTA: Aldosterone deficiency or resistance

Kidney senses TK*,
secretes renin

$ ~

Renin &

Renin catalyzes production
of angiotensin

Angiotensin
| |
Angiotensin stimulates adrena T
2 N
to secrete aldosterone AP
4

Aldosterone signals Aldosterone
kidney to excrete

potassium

Impaired renin secretion
- Chronic renal insufficiency due to diabetes CE
and/or HTN (the most common causes) o
- Glomerulonephritis, SLE =
- NSAIDs, beta-blockers a
=,
wv
o
=
)
&
a
Impaired aldosterone production b
- Adrenal insufficiency 3
- Isolated hypoaldosteronism of critical illness £
- Heparin (unfractionated or LMWH) )

- ACE-l, ARB, or renin inhibitors

Kidney refractory to aldosterone
- SLE, amyloid, sickle cell anemia

- Obstructive uropathy

- Renal transplant rejection

- Drugs (potassium-sparing diuretics,
trimethoprim, pentamidine, cyclosporine,
tacrolimus)
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Resolution of underlying cause

Whenever possible, the underlying cause

should be identified and corrected. For

example:

o Causative drugs should be discontinued if
possible.

o Fludrocortisone may be effective in some
patients with type IV RTA due to
aldosterone deficiency (discussed right
above).

Unfortunately, treatment of the cause is often

insufficient to cause rapid resolution (e.g. in

patients with moderate kidney injury). In
most cases, further treatment is required as
described below.

Should NAGMA be treated?

It is controversial whether NAGMA requires
treatment.  Although NAGMA frequently
correlates with poor outcomes, it's unclear to
what extent it may cause harm.
The rationale for treatment
following includes:
1) Hyperchloremic metabolic acidosis may
increase the risk of renal
injury.(24335444, 22580944, 29485926)

include the

2) Hyperchloremic  metabolic  acidosis
appears to cause systemic
inflammation.(17035425, 24335444,

21645639, 29435315)

3) Metabolic acidosis will increase the work
of  breathing (by triggering a
compensatory respiratory alkalosis). This
may be particularly detrimental in patients
with limited respiratory reserve (e.g.
patients at risk for intubation, or patients
who are struggling to be liberated from
the ventilator).

4) Acidosis increases insulin resistance,
which may increase risk of recurrent
DKA (among patients with resolving
DKA in the process of coming off the
insulin infusion).

30

Giai quyét nguyén nhan géc ré

Néu c6 thé, can xac dinh va giai quyét céc

nguyén nhan gc ré, vi du

o Ngung cic thudc gdy NAGMA,

o Fludro-cortisone c6 thé hiéu qua & mot vai
bénh nhan RTA type 4 gay ra béi tinh
trang thiéu hut aldosterone (vira d& cap &
trén).

Nhung khong may 1a viéc diéu tri nguyén

nhan thuong khong du dé tao ra mot dap ung

nhanh chéng (vi du, bénh nhan c6 ton thuong
than mirc do trung binh). O da s6 céac truong
hop, can diéu tri thém nhu mé ta dudi day.

Cén diéu tri NAGMA hay khong?

Van con nhiéu tranh cdi vé& cau hoi nay. Du

NAGMA thuong tuong quan véi du hau

khong méy t6t dep, nhung van khang r6 la ligu

tinh trang nay c6 thé gay hai hay khong

Y nghia quan trong ciia didu tri gom cac diém

sau:

1) Toan chuyén hoa ting chlore co thé lam
tang nguy co tén thuong than.

2) Toan chuyén hoa ting chlore hién dién
nhu mét tinh trang gay viém hé théng.

3) Toan chuyén hoa lam ting cong ho hap
(bang viéc khoi phat dap ung tao ra kiém
hd hap b trir). Didu nay dac biét bat loi ¢
bénh nhin dang khong that 6n vé hd hip
(vi du, bénh nhan dang c6 nguy co phai
dat noi khi quan, hoac bénh nhan dang can
cai may).

4) Toan héa lam ting sy dé khang insulin,
tinh trang nay lam ting nguy co tai xuat
hién Toan chuyén hoa ting keton méau &
bénh nhan dai duong (Diabetic
Ketoacidosis, DKA) (trong nhém céac
bénh nhan dang cai thi¢n DKA ma ngung
truyén insulin dot ngot).
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e Reasonable indications to treat NAGMA with e  Chi dinh hop ly cho viéc diéu tri NAGMA
alkali might include: biang kiém c6 thé gdm cac diém sau:
o The bicarbonate is below ~ 16-18 mEq/L. o Bicarbonate dudi mic ~ 16-18 mEqg/L
o Threshold for treatment may be lower for o Ngudng diéu tri c6 thé thap hon (tic 1a

patients at increased risk of harm from
metabolic acidosis (e.g. acute kidney
injury or resolving diabetic ketoacidosis).

trén mac 18 mEg/L) ¢ cac bénh nhan co
gia tdng nguy co khi nhiém toan chuyén
héa (vi du, ¢ bénh nhan c6 ton thuong
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than cép hoic dang cai thién tinh trang
toan keton mau do dai duong).

Optimal treatment of NAGMA depends on sodium & water balance

Hyponatremia Normonatremia Hypernatremia
Hypovolemia - Isotonic bicarbonate Is - Isotonic bicarbonate - Isotonic bicarbonate &
mainstay of treatment. - Free water
(May add some hypertonic
bicarbonate if hyponatremia or
acidosis are severe)
Euvolemia - Hypertonic bicarbonate - Isotonic bicarbonate & - Isotonic bicarbonate &

- Diuresis (loop diuretic plus
thiazide) B
- Free water

(initially, until the sodium
concentration increases)

- Diuresis (loop diuretic
+/~ thiazide)

(or, limited use of
hypertonic bicarbonate)

- Diuresis (loop diuretic plus
thiazide) &
- Free water

Hypervolemia - Dluresis with only a loop - Diuresis (loop diuretic
diuretic +/- thiazide)

(May add some hypertonic {or, limited use of
bicarbonate If hyponatremia or hypertonic bicarbonate)
acidosis are severe)

NAGMA may be treated in a holistic fashion, allowing muitiple problems to be managed

simultaneously. Further clarification of the interventions listed above:

- Isotonic bicarbonate: 150 mEg/L solution of sodium bicarbonate (typically 3 amps bicarb in a liter of D5W)

- Hypertonic bicarbonate: 1 mEg/ml solution of sodlum bicarbonate (concentrated ampules of bicarbonate)

- Loop diuretic: Intravenous furosemide or bumetanide

- Thiazide diuretic: Usually oral metolazone or indapamide as an adjunctive diuretic to enhance sodium excretion,
In more severe cases, IV chlorothiazide may be useful.

Jé

Bang, Tong quan diéu tri NAGMA — Téi wu héa tri liéu NAGMA tlly vao can bang mudi nuréc
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Toéng quan vé diéu tri NAGMA
Overview of NAGMA treatment

NAGMA fundamentally represents an
imbalance between sodium chloride and
sodium bicarbonate. Treatment therefore may
involve addition of sodium bicarbonate and/or
removal of sodium chloride. The optimal
approach depends on volume status, for
example:
o Hypovolemia
bicarbonate.
o Euvolemia —> Add sodium bicarbonate
and remove sodium chloride
simultaneously. The goal here is to
replace bicarbonate with chloride, without
shifting the volume status.
o Hypervolemia —> Remove
chloride via diuresis.

—> Add sodium

sodium

This gets a bit more complicated, because
different treatments will affect the sodium
concentration (which is fundamentally a
reflection of the free water balance). For
example:

o Hypertonic bicarbonate will increase the
sodium concentration.

o Diuresis using only a loop diuretic (e.g.
furosemide) will increase the sodium
concentration.

o Diuresis using both a loop diuretic plus a
thiazide may facilitate removal of sodium
chloride without causing hypernatremia
(more on this here).

The optimal treatment will simultaneously
address the NAGMA, the volume status, and
the sodium concentration. For example, in a
patient with hyponatremia and NAGMA, the
use of hypertonic bicarbonate may
simultaneously treat both problems.

Toéng quan vé diéu tri NAGMA

NAGMA c6 nén tang la tinh trang mat can

bang giira natri chloride vai natri bicarbonate.

Nén viéc diéu tri cd thé lién quan dén viéc bu

natri bicarbonate va/hodc loai bo natri

chloride. Phuong thirc tiép can téi wu tiy vao
tinh trang can bang dich (volume status) cua
nguoi bénh, vi duy:

o Giam thé tich (thiéu dich) > truyén bu
natri bicarbonate.

o Ding tich > truyén bu natri bicarbonate va
ddng thoi loai bo natri chloride. Muc tiéu
lac nay la thay thé chloride bing
bicarbonate trong khi vin khong thay doi
tinh trang dich cua co thé.

o Thé tich du thira (du dich) > loai bo
sodium chloride bang loi tiéu.

Viéc nay sé hoi phuc tap doi chut, boi cac

phuong thire diéu tri khac nhau s& anh huong

dén ndng d6 cua natri mau (ma vé ban chat 1a

phan anh tinh trang can bang cua luong nudc

tu do trong co thé). Vi du:

o Dich uu truong bicarbonate s& lam tang
nong do natri.

o Thudc loi tiéu quai don doc (vi du,
furosemide) s& lam ting ndng d6 Natri.

o Loi tiéu st dung ca loi tiéu quai lan
thiazide c6 thé gidp loai bo natri chloride
ma khong gay tang natri mau?,

Tri liéu téi wu s& 1a vira giai quyét duoc
NAGMA, vira kiém soét dugc tinh trang dich,
va vira diéu chinh dugc ndng d6 natri. Vi du,
bénh nhan cé ha natri m au kém NAGMA,
viéc sir dung bicarbonate wu truong co thé
cuing luc giai quyét duoc hai van dé c6 ¢ nguoi
bénh.

12 Xem thém bai: PulmCrit- Overcoming occult diuretic resistance: Achieving diuresis without dehydration https://emcrit.org/pulmcrit/occult-diuretic-resistance/
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Tri liéu bicarbonate

Bicarbonate therapy

e When repleting bicarbonate it is useful to
calculate the patient's bicarbonate deficit, for
example with this calculator from MDCalc.
This isn't 100% accurate, but it provides a
general concept of the amount of bicarbonate
required.

e The use of IV bicarbonate is explored in greater
detail here. Some brief comments on various
forms:

(1) Hypertonic bicarbonate

o May be preferred for patients with
hyponatremia (will treat both NAGMA
and hyponatremia).

o May be used in limited quantities in
patients with normonatremia (excessive
doses will cause hypernatremia).

o Contraindicated in  patients
hypernatremia (will aggravate this).

with

(2) Isotonic bicarbonate

o May be preferred for patients with
hypovolemia (because it involves a
substantial volume load, which will fix
both NAGMA and hypovolemia).

(3) Oral alkali
o This takes longer to work, is overall less
effective, and may tend to cause

hypernatremia.

o May be useful in cases of mild NAGMA or
in patients with ongoing bicarbonate loss
(as a maintenance therapy).

o Sodium bicarbonate may be given orally in
tablet form (1300 mg = 15 mEq
bicarbonate).
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Tri liéu bicarbonate

Khi bu bicarbonate, s& c6 loi hon néu tinh toan
duoc muc thiéu hut bicarbonate caa bénh nhan,
vi duy, c6 thé tinh dya vao tng dung MDCalc.
Puong nhién diéu nay khdng chinh xac 100%,
nhung con sé nay gidp nha 1am sang c6 mot
khai niém chung vé luong bicarbonate can st
dung.

Truyén tinh mach bicarbonate dugc mo ta ki ¢
phan nay®®. Mot vai ghi chi ngan gon tly vao
dang bicarbonate nhu sau:

1) Bicarbonate uu truong

o Cd thé thich hgp & bénh nhan ha natri
mau (s& gitp diéu tri dugc NAGMA lan
tinh trang ha natri mau)

o C6 thé dung véi lugng gisi han & bénh
nhan c6 mirc natri mau binh thuong
(tranh lugng cao gay tang natri mau).

o Chdng chi dinh & bénh nhan cé ting
natri mau (vi s€ lam nang thém tinh
trang tang natri mau c6 san nay).

Bicarbonate ding truong

o Cothé phfu hop ¢ bénh nhan c6 thé tich
mau sut giam (boi loai nay dwoc chuan
bi v&i mot lwong thé tich 16n, tir d6 giup
diéu chinh ca NAGMA va tinh trang
giam thé tich mau).

2)

3) Kiém udng

o S&mat nhiéu thoi gian dé dat duoc hiéu
qua, va nhin chung thi khéng manh, va
c6 xu hudng lam tang natri mau.

o Co6 thé hitu dung & cac truong hop
NAGMA hoic bénh nhan dang mat
bicarbonate (nhu mot phuong thirc diéu
trj duy tri viéc bo sung phan bicarbonate
mat mat).

o Sodium bicarbonate c6 thé dung theo
dang vién udng (1300mg = 15 mEq
bicarbonate).

13 Fluid selection & pH-guided fluid resuscitation> Hypertonic & Isotonic Bicarbonate. https://emcrit.org/ibcc/fluid/#hypertonic_& isotonic_bicarbonate
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o Sodium citrate liquid is an alternative to

sodium bicarbonate (citrate is rapidly

metabolized to bicarbonate).

= Most formulations (e.g. BICITRA)
contains the biologic equivalent of 1
mEg/ml sodium bicarbonate.

= This may be logistically easier to give
than sodium bicarbonate tablets (e.g.
30 ml g6hr provides 120 mEq of
alkali daily. This is equivalent to
sixteen 650-mg tablets of sodium
bicarbonate).

Potassium  citrate  solution  (e.g.,
POLYCITRA-K) might be useful in
NAGMA with hypokalemia.
POLYCITRA-K is twice as concentrated
as sodium citrate solution (with 2 meg/ml
potassium and generation of 2 mEq alkali

per ml).

% NaHCO; by weight

Tonicity

General properties

Use

Cautions

~1.3% NaHCO,

300 mOsm

- Doesn’t cause
hypernatremia

- Large volume required
to increase bicarb.

- Will decrease potassium
concentration.

- Volume resuscitation in
patient with acidosis
- Hyperkalemia

- Excess may cause
volume overload and
hypokalemia

Sodium citrate loai dung dich la dang

thay thé cho natri bicarbonate (citrate

mau chéng chuyén héa thanh

bicarbonate).

= Céc dang thuong dung nhét (vi dy,
BICITRA) chta lugng 1 mEg/L
sodium bicarbonate.

= CO thé tinh toan d& dang hon khi
dung vién udng sodium bicarbonate
(vi du, 30mL mdi 6 gio cung cap
120 mEq kiém mdi ngay). Liéu nay
tuong duong véi 16 vién sodium
bicarbonate 650mg.

Dung dich potassium citrate (vi du,
POLYCITRA-K) c6 thé c6 ich trong
NAGMA c¢6 ha Kkali mau.
POLYCITRA-K c6 dong do cao gap
do6i dung dich sodium citrate (2mEg/mL
kali va c6 2mEq kiém mdi mL).

8.4% NaHCO,

2,000 mOsm

- Doesn't cause significant
volume load

- Will increase sodium
concentration

- Doesn't affect potassium
concentration

- Metabolic acidosis in
patient with euvolemia

- Emergency treatment of
hyponatremia

- Emergency treatment of
cerebral edema

- Excess will cause
hypernatremia

- Administer slowly to avoid
significant pCO2 rise

The Intemet Book of Critical Care
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e Failure to treat: NAGMA can generally be e Thét bai diéu tri: Nhin chung c6 thé dieu tri
treated in a supportive fashion (e.g. with IV thanh cbng tinh trang NAGMA bang phuong

bicarbonate), even if the precise etiology is thic tri liéu hd tro (vi du, véi truyén tinh mach
unknown. Patients with substantial acidosis bicarbonate), ngay ca khi khdng biét nguyén
should be treated while investigation is nhén dich xac. Nén diéu tri bénh nhan c6 toan
ongoing. chuyén héa thyc sy dong thoi tim nguyén nhan

cua tinh trang nay.

e Use of urine anion gap may be misleading. e Sir dung khoang tréng anion niéu c6 thé gay

This should generally be avoided, with urine lam duong lac 16i. Do d6 nén tranh sir dung
osmolar gap used instead (both of these tests thdng so nay, va nén dung khoang trong tham
are designed to evaluate for ammonium). thau ni¢u thay thé (ca hai théng so nay dé duoc

thiét ké dé danh gia lugng ammonium).

17035425 Kellum JA, Song M, Almasri E. Hyperchloremic acidosis increases circulating inflammatory molecules in
experimental sepsis. Chest. 2006 Oct;130(4):962-7. doi: 10.1378/chest.130.4.962 [PubMed]

18216310 Choi MJ, Ziyadeh FN. The utility of the transtubular potassium gradient in the evaluation of hyperkalemia.
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22403272 Kraut JA, Madias NE. Differential diagnosis of nongap metabolic acidosis: value of a systematic approach.
Clin J Am Soc Nephrol. 2012 Apr;7(4):671-9. doi: 10.2215/CJN.09450911 [PubMed]
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Ong lwon xa va Ong gop**

Chuwong nay sé& c6 ich dé giai quyét dugc Section H1(ii) 3 2017 CICM Primary Syllabus, doi héi ngudi hoc
"m0 ta vé viéc qua trinh loc ciia cdu than va chire nang cuia ong than®. Nhitng cau hoi chuyén biét cho ting
viing cua cau than (vi dy, "diéu gi xay ra & 6ng than riéng biét nay") rd rang khong duoc d& cap dén trong
phan dau cua bai kiém tra CICM, va do d6 cac ban hoc ¢6 thé bo qua toan bo chuong nay. Cac ndi dung
dugc nhic dén dudi day chi bai nguoi viét (Alex Yartsev) tién lam cho day du.

This chapter seems relevant to the aims of Section H1(ii) from the 2017 CICM Primary Syllabus, which
expects the exam candidate to "describe glomerular filtration and tubular function”. Regionally specific
guestions about the nephron (eg. "what happens in this specific tubule”) are virtually unknown in the CICM
First Part exam, which means the trainees can safely ignore this entire chapter. It is made available here
mainly for completeness.

14 Distal tubule and collecting duct | Deranged Physiology. Ngwoi dich: Nguyén Dirc Thanh Liém. Viét-nam, Hué, 25/01/2023.
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Tom tat
e Nhanh Ién day cua quai Henle
o Chtra cau tric Macula densa, ma:
= Giai quyét cac phan hoi cua cau-va-ong than (tang lwong mudi dugc van chuyén
dua dén phan xa giam luu lwong mau noi cau than).
= Pidu chinh tinh trang tiét renin tir cac té bao canh cau than, khi lwong mudi vén
chuyén dén giam xudng.
e Ong luon xa
o Pugc xac dinh khi c6 sy hién dién cua protein dong van chuyén co tén NCC, ddng van
chuyén natri va chloride (nhay cam voi thiazide) (the thiazide-sensitive sodium and
chloride co-transporter)
o Viéc tai hap thu mubi dugc thuc hién bai kénh Na+/K+ATPase ¢ mang day té bao 16t 1ong
dng than (tiép xudc véi mach mau)
o Tiét kali dé tao ra can bang dién tich khi co sy tai hap thu natri (day 1a nguén can cua tinh
trang ha kali mau gay ra boi furosemide)

e Ongndi
o Pic trung bai sy hién dién cua céc kénh van chuyén calcium ¢ dinh té bao (hudng vao long
oggo)
o Phan con lai giong nhu cau tric caa 6ng gop
e Onggop

o bac trung boi sy nhay cam véi aldosterone va vasopressin
o Aldosterone lam tang su hoat dong ctia kénh ENaC
=  Dibu nay gitp ting hap thu natri
= Hap thu natri dua dén tang tiét kali
» Vi tri nay la dich tac dung cua spironolactone va amiloride
o Vassopressin tang sy hién dién va hoat dong cau aquaporins va kénh UT1-3
= Aquaporins gilp tai hap thu nuéc trong dich loc d& dang hon
= UT transporter gitip tai hip thu ure trong vong tuan hoan urea & than, va qué trinh
nay can thiét dé duy tri duoc co ché c6 dic nudce tiéul®
e Té bao chen-giita
o Lién quan dén qué trinh can bang toan kiém
o Tiét raammoniac va H+, gilp tao thanh ammonium trong éng than
o Bai tiét chloride gitp can bang dién tich vai cationic ammnonium
o Sy hiy hoai chirc ning té bao nay gay ra tinh trang Toan hoa 6ng than type 1.

Bai viét hay nhat cho chu dé lién quan dén Ong luon xa (DCT) va dng gop - va trong trudng hop mét moi
hon - 1a cho ca cau tric va chirc ning than - thi bai viét "Structural organisation of the mammalian kidney"
ctia tAc gia Kriz & Kaissling. Néu phai tap trung vao DCT, khong bai nao c6 thé xuat sic hon Subramanya
& Ellison (2014), va dé hiéu hon vé hoat dong cua té bao chen-giita (intercalated cells), cd thé doc Roy et
al (2015). Vi CICM khéng bao gio héi sau hon, nén duong nhién nodi dung tom tit dudi day co 18 da di
dung.

15 Countercurrent multiplier mechanism, https://en.wikipedia.org/wiki/Countercurrent multiplication
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In summary:

Thick ascending limb of the Loop of Henle
o Contains macula densa, which
= Mediates tubuloglomerular feedback (increased salt delivery results in a reflexive
downregulation of glomerular blood flow) Vé Muc luc | 38
= Mediates the secretion of renin from juxtaglomerular cells, in response to
decreased salt delivery
Distal convoluted tubule
o Defined by the expression of the NCC, the thiazide-sensitive sodium and chloride co-
transporter
o Reabsorption of sodium is driven by basolateral Na+/K+ ATPase
o Secretes potassium to electrically balance reabsorption of sodium (this is the source of
frusemide-induced hypokalemia)
Connecting tubule
o Characterised by the presence of an apical calcium transporter
o Otherwise similar to the collecting duct
Collecting duct
o Characterised by aldosterone and vasopressin sensitivity
o Aldosterone increases the expression of ENaC channels
= This increases the absorption of sodium
= Absorption of sodium results in increased potassium secretion
= This is the drug target of spironolactone and amiloride
o Vasopressin increases the expression of aquaporins and UT1-3 channels
= Aquaporins facilitate the reabsorption of filtered water
= UT transporters facilitate the reabsorption of urea for intrarenal urea recycling,
which is necessary for the maintenance of the countercurrent multiplier mechanism
Intercalated cells
o Involved in acid-base balance
o Secrete ammonia and hydrogen ions, which combine to form ammonium in the tubule
o Secrete chloride to electrically balance the cationic ammonium
o A breakdown of these functions leads to a Type 1 renal tubular acidosis

The best article for this, and - for that matter'® - for all of the structure and function of the kidney - is
"Structural organisation of the mammalian kidney" by Kriz & Kaissling'’. For something that deals
specifically with the DCT, one cannot go past Subramanya & Ellison (2014)*8, and for a clear explanation
of what intercalated cells do, one can read Roy et al (2015)%. It is of course pointless to do any of that,
because CICM have never asked for this much detail.

16 " For that matter". Used in a negative situation, usually. For emphasis. | can't come up with another phrase to help you understand. Perhaps these examples will
help. I have trouble remembering my friend's birthday. | have trouble remembering my wife's, for that matter. | don't like most of her cooking. I don't like any of it, for
that matter. For That Matter? (englishforums.com)

Y Kriz, Wilhelm and Brigitte Kaissling. “CHAPTER 20 — Structural Organization of the Mammalian Kidney.” (2008).

18 Subramanya, Arohan R. and David H. Ellison. “Renal Physiology Distal Convoluted Tubule.” (2014).

19 Roy, Ankita, Mohammad M. Al-bataineh and Nuria M. Pastor-Soler. “Collecting duct intercalated cell function and regulation.” Clinical journal of the American
Society of Nephrology : CJASN 10 2 (2015): 305-24 .
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Céu tric Macula densa va thé canh cau than

O phan cudi éng luon xa cua quai Henle (khi phan éng quay tré lai vao voé than noi chira phan cudn caa

6ng than, sau khi da 13n ngup & phan tay than) cd 16p té bao 16t trong long dng da day sin & nhanh 18n (quai

Henle) doan gan sét voi diém bat dau tir cau than. Hinh anh noi tiéng nhat cua viing ndy xuat hign tir bai

bao cua Kriz & Kaissling nam 1992; véi mat cat, dic biét may man c6 duge, ngang qua dang doan gé¢ ;e juc 139
mach méau cua cau than, va mot phan hinh anh d6 da duoc cit ghép lai nhu hinh bén dudi day (xin xem

hinh ¢ trang tiép theo).

Ching la céc thu cam c6 chie niang phét hién su gia ting lwong mudi duoc chuyén dén long dng luon xa
va dung tin hiéu nay dé phdi hop mot loat cac dap ung tai chd 1an toan than véi muc tiéu lam giam luong
mubi dugc chuyén dén nay. Ban than co ché nay? cuc ky phuc tap, va ban doc nao thich thi ¢6 thé tim hiéu
chi tiét ¢ bai viét cua tac gia Bell cling cong su (2003)2L. Nhung néi ngin gon la:

e Natri va chloride duoc chuyén dén phan day nhanh 1én quai Henle (va néng do ciia mot trong hai
khong nén qua I6n, bai do tham thiu o phan dng nay can tim khoang 100 mOsm/kg, vi duy, ban s&
may man khi c¢6 dugc 40-50 mmol/L natri & doan nay).

e Natri, kali va chloride sau d6 vao trong t& bao macula-densa thong qua protein dong van Na/K/2Cl
co-transporter.

e Chloride roi khoi té bao qua mot kénh khac ¢ ving day té bao.

e Tbng dién tich dwong c6 dugc qua qua trinh trén gidp khtr cuc duoc té bao macula-densa.

e Luc ndy, théng qua co ché van hanh boi calcium lam tin hiéu, dua dén su giai phéng ATP vao trong
vuing dich gian mach méu ¢ khu vuc mach mau vao(/dén) va ra(/di) cua 6ng than.

e ATP sau d6 kich hoat hoic 1 cac thy thé dic hiéu cho purine & tiéu dong mach dén, hoic duoc
chuyén thanh adenosine (ma sau nay sé& kich hoat Al-adenosine receptors).

e Hiéu qua cubi cung la sy ting lugng mudi van chuyén dén cau than s& gay ra su sut giam luu luong
m&u vao cau than, tir d6 giam lwong mudi dugc van chuyén dén than (va éng than) (vi duy, day l1a
co ché hoi dap/feedbake nguoc).

Nhitng diém trén 1a nhitng diém co ban cua sy hdi dap ctia cau than- dng than, va s& dugc md ta ki hon boi
bai viét xuat sac cua Volker Vallon (2003)% va trong chuong viét vé dong mau tsi than?.

Céu triic Macula densa ciing chiu tic dong cua su diéu hoa huyét &p bai hormone, thong qua su diéu hoa
tiét renin thdng qua maot vai co ché khong dugc biét r6* qua do sy sut giam lwong mudi hip thu s& gitp
giai phong renin, va nguoc lai. Vi chuong bai dugc trinh bay theo hudng cau triic-kém-chic ning nhu ¢
day co 1& s& du dé ndi riang ciu tric quan trong nhit quyét dinh chirc ning toan bd phan nhénh lén quai
Henle ndy nam & phan gan cudi cia nhanh 1&n-day, ngay truéc khi quai Henle bé gap va dot ngot chuyén
thanh ng luon xa.

2 sensor-effector, thuy cam- gdy ra tdc dong- dira dén anh-huwong

21 Bell PD, Lapointe JY, Peti-Peterdi J. Macula densa cell signaling. Annu Rev Physiol. 2003;65:481-500. doi: 10.1146/annurev.physiol.65.050102.085730. Epub 2003
Jan 9. PMID: 12524458.

22 https://journals.physiology.org/doi/full/10.1152/nips.01442.2003

2 https://derangedphysiology.com/main/cicm-primary-exam/required-reading/cardiovascular-system/Chapter%20477/renal-blood-flow

2 Kurtz A. Pfliigers Archiv historical article-a new category of papers in Pfliigers Archiv-European Journal of Physiology. Pflugers Arch. 2016 Jul;468(7):1113. doi:
10.1007/500424-016-1855-0. Epub 2016 Jun 24. PMID: 27343011.
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Macula densa and the juxtaglomerular apparatus

At the distal end of the loop of Henle, as it reenters the cortical labyrinth after touring the pickled hell of
the inner medulla, a mural "plaque” of cells is usually seen, which thickens the already thick ascending
limb where it comes close to its glomerulus of origin. The most famous image of this area comes from a
1992 paper by Kriz & Kaissling; it is a particularly lucky section through the vascular root of a glomerulus,
a version of which has been vandalised below:

These are basically sensors that detect increased salt delivery to the distal tubule and use that signal to
coordinate a series of regional and systemic responses which aim to decrease the aforementioned salt
delivery. The sensor-effector mechanism itself is hellishly complex, and those who are interested are
directed to a detailed overview in Bell et al (2003). To cut a long story short:

e Sodium and chloride are delivered to the thick ascending limb (and the concentration for either of
them should not be especially great, as the osmolality at this part of the tubule should be something
like 100 mOsm/kg, i.e you'd be lucky to have 40-50 mmol/L of sodium here.

e Sodium potassium and chloride then enter the macula densa cells via a Na/K/2Cl cotransporter

e Chloride leaves the cell via a basolateral channel

e The net gain in positive charge depolarises the macula densa cell

e This, by a calcium-mediated mechanism, results in the release of ATP into the perivascular spaces
in the vicinity of the afferent and efferent tubules

o The ATP then either activates specific purine receptors on the afferent arteriole, or is converted to
adenosine (which then acts on Al-adenosine receptors).

e The net effect is that increased salt delivery to the nephron results in decreased glomerular blood
flow, which decreases salt delivery (i.e. this is a negative feedback mechanism

That is the basis of tubuloglomerular feedback, which is described better in an excellent paper by Volker
Vallon (2003) and in the chapter on renal blood flow. The macula densa is also implicated in the humoral
control of blood pressure, by mediating the release of renin through some apparently unknown mechanisms,
where decreased salt intake produces the release of renin, and vice versa. For this structure-and-function-
oriented chapter, it will suffice to say that this functionally important structure caps the topmost end of the
thick ascending limb of the loop of Henle, just before it abruptly turns into the distal convoluted tubule.

Macula densa

“The most famous image of this area comes from a
1992 paper by Kriz & Kaissling”

Extraglomerular mesangium

Thick ascending limb

Thick ascending limb: nhanh Ién day cua quai
Henle; Mascula densa;  Extra-glomerular
mesangium: c4u trdc mang nang cugn mao mach
ngoai cau than; afferent/ efferent arteriole: tiéu
dong mach dén/di cau than
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Ong luon xa (DCT)

Mic du éng nay cudn xoin, nhung n6 twong d6i ngan. (Va) ngay ca khi kéo dan ra, thi theo Crayen&
Thonenes (1978)%, 6ng luon xa ciing chi dai khoang 1mm. Thanh éng nay tham chi con day hon ca nhénh
Ién cua quai Henle, duoc 16t boi cac té bao hinh luc giac chira day nhiing ti thé - nha may san xuit ning
luong cua té bao. Ciing gidng phan day nhanh Ién quai Henle va 6ng than gan, 16p day cua cac té bao nay
chira céc cau trac két ndi (vi du, cac kénh van chuyén giira té bao va md k&, mach mau) cuc ky phic tap.
C6 it nhat khoang 4 loai té bao khac nhau va ching rai rac ¢ ving nay, lam cho khé dé phan biét ranh giéi
gitta ching trén mo té bao. Cac nha nghién ciru gan day mo ta s trai dai cua dng luon xa theo kiéu "khong
khang dinh"; vi du, 6ng luon xa 1a bat ky phan dng nao nam giira cau tric Macula Densa va phan 4ng tiép
theo.

Dic trung chinh cua phan nay la cach ma né kiém soét thanh phan dich loc, va da dugc md ta ky ¢ bai viét
cua tac gia Subramanya & Ellison (2014)%.

e Nuwéc: Thuong bi cua éng luon xa khéng tai hap thu nuéce. O phan tan cua éng luong xa, doan nay
d6i khi duoc goi la "6ng ndi" (véi dng gop), ¢d chira mot vai kénh Aquaporins, giéng nhu & dng
g6p, nhung phan dau cia DCT dugce xem nhu hoan toan khéng thim nudce. Didu nay c6 nghia rang
phan dich d3 duoc hoa lodng & doan day nhanh Ién quai Henle s& van gitr duoc tinh trang hoa lodng
& phan I6n sudt chiéu dai cua dng lugn xa. Diém nay duoc cung ¢ bai céc dir liéu thir nghiém cua
hai tac gia Clapp & Robinson (1966) théng qua viéc thu lugm dugc lugng dich & phan nay trén chd
va xac dinh duoc d6 tham thau cua dich loc & DCT 1a nhuoc truong khi so sanh véi huyét tuong,
dau d6 & mirc 60-120 mOsm/Kkg.

e Natri va Chloride: Kénh van chuyén mudi & doan nay rat khac biét; ching tai hap thu 5-10%
lwong mudi duge dua vao dich loc, nhung NKCC2 (kénh nay 1a dich cua cac thude loi tiéu quai)
duoc thay thé boi NCC, mét loai kénh ddng van natri-chloride nhay cam véi Thiazide. Thuc té thi
& cac dinh nghia sau nay vé& 6ng luon xa, noi bit dau va két thlic cua phan dng c6 sy hién dién cua
NCC dugc tinh 1a ranh gigi tao nén phan éng lugn xa. Ngoai ra, phan xa caa ong luon xa ciing c¢6
kénh ENaC, giéng nhu & 6ng gop.

e Kali: da bi hap thu gan nhu hoan toan khi chiing dén dugc ddy (phan ng luon gan, phan day nhanh
1én quai Henle ciing du phan tai hap thu gan hét Kali trong dich loc), nén chi con khoang 10% kali
duoc loc & cau than 1a dén dwoc 6ng luon xa. Roi thi ndng do cua Kali ¢ 1ong dng tang 1én khi no
di qua DCT bai mot lwong Kali bi ro ri qua kénh ROMK (Renal Outer Medulla Potassium), su ro
ri nay 1a co ché phu thudc dién tich. Cang nhiéu natri dugc hip thu vao té bao 16t 1ong dng (va rdi
vao mau), thi cang nhiéu Kali duoc ro ri vao dich loc dé bao ton sy quéan binh dién tich.

e Cin thiét cho swr van chuyén Magnesium (Mg2+): Ong luon xa 1a noi hién dién co ché tai hap
thu cha dong Mg2+ qua mang té bao, va noéi chung luong ndy Ia nhidu nhat gitp xac dinh dwoc
nong d6 Mg2+ trong nudc tiéu.

e Can thiét cho sw van chuyén Calcium (Ca2+): ciing véi kénh Calcium & dng gop, phan dng lugn
xa gop phan tao Ién tong lwong calium ma than phai xir ly.

% Crayen ML, Thoenes W. Architecture and cell structures in the distal nephron of the rat kidney. Cytobiologie. 1978 Jun;17(1):197-211. PMID: 689251.
% Subramanya, Arohan R. and David H. Ellison. “Renal Physiology Distal Convoluted Tubule.” (2014).
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vang: dich loc trong long éng  té bao do: mgch mau

Vung nay (6ng lugn xa) 14 noi ma nhiéu thude noi tiéng nham vao, va didu d6 dong vai tro quan trong vé
nhirng diém 1am sang lién quan ICU ma gitip chuong nay tré nén kho quén.

La dich nhim dén cia thudc lgi tiéu nhom Thiazide: cac anh huong 1én mubi va nudc cua
thiazide xay ra thong qua su tc ché kénh NCC. Sy ngan trg tai hap thu natri ¢ day dan dan s& tao
ra tinh trang Ha natri mau.

Tac dung ha-kali-mau do Frusemide: gy ra boi su van chuyén natri va kali cia dng luon xa.
Khi natri cang ting cao trong dich loc cua long 6ng, thi kénh NCC cang lam viéc cét luc qua d6
cang hap thu nhiéu natri tir dich loc trong 16ng 6ng. Su hién dién cua kénh EnaC ¢ phan xa cua
long dng cling gitip ting tai hap thu natri. Piém nay lam ting luong tong dién tich dwong trong l1ong
té bao (khi Na+ di vao té bao), qua d6 dy nhiéu Kali hon ra khoi té bao qua kénh ROMK vao trong
dich loc. Va boi 1y do dé, bit cir nguyén nhan nao gy ting sy tong xuét Natri vao dich loc va dén
dng luon xa s& 1am tiang su dao thai kali do sw didu hoa dién tich kiéu nay. C6 vai nguyén nhan gay
tang thai Natri vao dich loc & phan nay cua 6ng than, nhung quan trong nhat (dé cho viéc hoc thi)
1a boi viéc str dung thudc loi tiéu. Khi kénh dong van NKCC2 bj chan bai Frusemide, kénh nay
khong thé hip thu duoc natri, va dng lugn xa theo d6 tiép nhan mét dich loc dic quanh Natri, tir d6
lam that thoat mot lwong Ion kali gay ha kali mau. Trong khi d6, sy tai hap thu natri van khéng thay
d6i. Pay 1a mot trong cac 1y do tai sao bénh nhan ding frusemide lai xuat hién ting natri mau va
ha kali mau.
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Distal convoluted tubule (DCT)

This thing, though convoluted, is quite short. Even unfurled, Crayen & Thoenes (1978) got it to stretch
about Imm. The walls are even thicker than the thick ascending limb, made up of tall cuboidal cells full of
mitochondria. Like the thick ascending limb and the proximal tubule, the basolateral part of these cells is
topographically very complex, with multiple interdigitations. There's probably at least four different types
of cells and they appear variably scattered in this segment, making it quite difficult to describe its boundaries
histologically. Most early researchers described the extent of the distal convoluted tubule in terms of what
it is not; i.e. it is whatever tubule is seen between the macula densa and whatever the next tubule is.

The main characteristic features of how this segment manages the tubule contents are explained
systematically in an excellent review by Subramanya & Ellison (2014).

Water: the epithelium of the distal convoluted tubule does not reabsorb water. Towards the most
distal end of the distal tubule, the bit which is sometimes referred to as the "connecting tubule” can
also express aquaporins, similar to the collecting duct, but the proximal DCT is supposed to be
completely water-impermeable. This means the dilute product of the thick ascending limb should
remain dilute for most of the length of the distal convoluted tubule. This appears to be supported
by experimental data: Clapp & Robinson (1966) micropunctured dog tubules and determined that
the osmolality of DCT fluid remained hypotonic in relation to plasma for its entire length,
somewhere around 60-120 mOsm/kg.

Sodium and chloride: the main salt transporter is different; this tubule reabsorbs 5-10% of the
total filtered salt load, but the NKCC2 (the target of loop diuretics) is replaced by the NCC, the
thiazide-sensitive sodium chloride cotransporter. In fact, in the modern definition of the distal
convoluted tubule, the beginning and end of NCC expression define the boundaries of this tubule
segment. Additionally, the distal part of the distal convoluted tubule can express the ENaC
channels, like the collecting duct.

Potassium is almost completely reabsorbed by the time it gets here (the proximal tubule and the
thick ascending limb of the loop of Henle have taken care of that), so only about 10% of the filtered
potassium load ends up at the distal convoluted tubule. Then the concentration of potassium in the
tubular lumen increases over its transit through the DCT because it leaks out via the ROMK (Renal
Outer Medulla Potassium) channels, driven probably by a voltage-dependent mechanism. The more
sodium is reabsorbed, the more potassium needs to leak out, to maintain electroneutrality.
Essential to magnesium transport: this is where active transcellular mechanism reabsorb the
magnesium, and it is generally thought that this part of the nephron is the most important in
determining the final magnesium concentration in the urine

Essential to calcium transport: together with the calcium channels in the collecting duct, the
distal tubule contributes to the total renal calcium handling.
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This area has some notable drug targets, which brings a bit of ICU-related clinical relevance to an otherwise
forgettable chapter.

Thiazide diuretic drug target: the water and sodium-dumping effects of thiazides are mediated
by the blockade of the NCC channel. The loss of sodium reabsorption here gradually produces
hyponatremia.

Hypokalemic side-effects of frusemide are due to the way potassium and sodium are handled in
the distal convoluted tubule. As sodium delivery is increased to this tubule, the NCC channel works
harder, and more sodium ends up being reabsorbed. The presence of ENaC channels in the distal
portion of the tubule also increases the absorption of sodium. This increases the net positive charge
inside the cell, which pushes more potassium out via the ROMK channel. Ergo, anything that
increases the delivery of sodium to the distal convoluted tubule will increase the voltage-mediated
secretion of potassium. There are several possible reasons for an increase in the delivery of sodium
to this part of the tubule, but the most important for exam purposes is the use of loop diuretics.
When the NKCC2 cotransporter is blocked by frusemide, it cannot absorb sodium, and so the distal
tubule ends up receiving a vast unexpected amount of it, which leads to a vigorous potassium leak
and hypokalemia. At the same time, sodium reabsorption is maintained. This is one of the reasons
why frusemide-treated patients end up hypernatremic and hypokalemic.
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Ong noi

Phan nay bi Iang quén va hiéu lam trong cau tric cua cau than 1a noi cudi cling xay ra sy hap thu calcium.
Hién nay, phan dng nay duoc dinh nghia qua cic protein nam tron Ian trén thanh té bao 16t 1ong 6ng. Néu
c6 kénh TPRV5 Calcium va kénh EnaC 6-té-bao-thugng-bi-chiu-anh-hudng aldosterone, ma da cé & phan
tan ctia 6ng lugn xa, nhung hién tai ciing c6 thém aquaporins phu thugc vasopressin- loai kénh cha yéu ¢
bng gop nam trong phan vo than.

T&i hap thu calcium xay ra & 6ng gop nho vao kénh TPRVS, va diéu ndy chiu anh hudng caa hormone
can giap ciing nhu 1,25-dihydroxy-vitamin D3. Biéu nay khong xay ra & 6ng gop, va chinh nd 1am cho éng
ndi tro nén phan nao day dac biét.

Natri, kali va nudc duoc xir Iy & phan nay ciing twong ty nhu & 6ng gop, va s& duoc mé ta chung trong noi
dung "aldosterone va phan xa cua cau than chiu su diéu hoa cua vasopressin®.

Channels in the connecting tubule- Cac kénh vén chuyén trén éng Nai.

N

_

vang: dich loc trong ldng éng  té bao dé: mach mau
Connecting tubule

This forgotten and misunderstood segment of the nephron is a place where the last of the calcium absorption
occurs. In this day and age, its extent is defined by an overlap of apical proteins. There is the presence of
the TPRV5 calcium channel and the aldosterone-regulated epithelial channel ENaC, which are already
present in the distal part of the distal convoluted tubule, but there's now also the presence of vasopressin-
mediated aquaporins which are present mainly in the cortical collecting duct.

Calcium reabsorption happens here by means of the TPRV5 channel, the expression of which is regulated
by parathyroid hormone and 1,25-dihydroxyvitamin D3. This does not happen in the collecting duct, which
is the only thing that makes the connecting tubule somewhat unique.

The sodium potassium and water handling by this part of the tubule is so similar to what happens in the
collecting duct that it would be better to discuss them all together as "aldosterone and vasopressin-regulated
distal nephron.

Vé Muc luc | 45




46

Ong gop

O day khong c6 bd méay van chuyén calcium (chu yéu 1a cac kénh TPRVS trén dinh té bao va cac kénh van
chuyén trao d6i NCX & phan day té bao) truyén tin hiéu van chuyén caa dng néi vao trong 6ng gop. Phan
6ng gop nay duoc chia thanh hai phan nho hon c¢6 vi tri giai phau ciing nhu chie ning hoan toan khac nhau:

Phan dng gdp trong vo than, nim & vo than va khong tham véi urea.

Phan 6ng gop nam & trong va ngoai tiy than, rt tham urea va day 1a noi sy tai hap thu urea tao
thanh co ché luan chuyén xoay vong urea trong than qua dé giit dwoc néng do urea cao & khu vuc
bén trong tay than.

Phan nay duoc ddc trung vé chire nang boi tinh nhay cam ciia nd vai aldosterone va vasopressin, giup diéu
hoa su tai hap thu muoi, nudc va urea:

Urea and water transport in the terminal collecting duct

vang: dich loc trong ldng éng  té bao dé: mach mau

Téai hap thu mudi ¢ doan nay duoc thyc hién triét &é du con bao nhiéu sau khi da dwoc rit can &
dng luon gan, doan I&n day cua quai Henle va 6ng luon xa. Giai doan nay su tai hap thu mudi nuéc
dugc didu hoa boi kénh EnaC dudi tdc dung cua Aldosterone. Pdy 1a noi ma cac thubc
spironolactone (chin su tac dong cua aldosterone 1én kénh ENaC) va amiloride (bat hoat truc tiép
kénh ENaC).

Tiét Kali & dng gop ciing duoc diéu phdi bai kénh ROMK, va ciing gidng & nhimg doan khéc trong
bng xa cua cau than, kali & day dugc tong vao dich loc theo chénh ap dién tich. Néu c6 mot su tai
hap thu natri 16n duéi tac dong cua aldosterone, su bai tiét kali sé tang 1én dé bao ton dugc thé can
bang dién tich trong té bao (1an trong dich loc), va cubi cung 1a kali duoc thai cing nudc tiéu. Két
cuc cua su kién nay dua dén tinh trang ting natri mau va ha kali mau, thy trong bi canh cuong
aldosterone?’, ciing nhu gay ra tinh hudng ha natri méau, ting kali mau khi sir dung spironolactone.

27 https://derangedphysiology.com/main/required-reading/electrolytes-and-fluids/Chapter%201.2. 1/characteristic-patterns-electrolyte-derangement
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Téai hap thu nwéc va urea ¢ éng gop duge didu hoa boi vasopressin. Chét nay kich hoat sy gin
két cua aquaporin va kénh UT1-3 vao I6p mang hudng vao long dng. Kénh Aquaporin hién dién
rat nhiéu & dng nam trong phan vo, cho phép urea tap trung véi ndng do cao, va kénh UT1-3 rét
nhiéu & phan 6ng nam & sau trong tay than, gilp urea tai hip thu vao trong tiy than theo chénh ap
nong d6. Co ché tuan hoan cuia urea ny can cho viéc giur dugc ndng do tham thau trong tay than,
qua d6 giup tai hap thu nudc tir dich loc trong dng than. Nhiéu diéu hon s& dugc trinh bay trong
céac noi dung & cac bai khac?.

Collecting duct

The disappearance of calcium transport machinery (mainly the apical TPRV5 channel and the basolateral
NCX exchange transporter) signals the transition of the connecting tubule into the collecting duct. This part
of the tubule has couple of subdivisions, which have both geographical and functional differences:

Cortical collecting duct is in the cortex (obviously), and is also quite urea-impermeable

Outer and inner medullary collecting duct, which is highly urea-permeable and where the
reabsorption of urea contributes to the mechanism of intrarenal urea recycling that maintains a high
inner medullary urea concentration.

This part of the tubule is functionally characterised by its sensitivity to aldosterone and vasopressin, which
regulate the sodium, water and urea reabsorption here:

Sodium reabsorption here mops up whatever is left behind after the proximal tubule, the thick
ascending limb and DCT are done with the tubular fluid. This final stage is mediated by the ENaC
channel, expression of which is controlled by aldosterone. This is the drug target of spironolactone
(which blocks aforementioned aldosterone mediated expression) and amiloride (which directly
blocks this channel).

Potassium secretion in the collecting duct is also mediated by the ROMK channel, and like
everywhere else in the distal nephron the potassium here is being pushed around by voltage
gradients. If there is a significant aldosterone-mediated sodium reabsorption, potassium excretion
is increased to maintain electroneutrality, and as the consequence potassium ends up being dumped
along with the urine. The upshot of this is the association between hypernatremia and hypokalemia
seen in hyperaldosteronism, and the association between hyponatremia and hyperkalemia seen in
spironolactone use.

Water and urea reabsorption in the collecting ducts is regulated by vasopressin, which activates
the insertion of aquaporin and UT1-3 channels into the apical membrane. The former are prevcalent
in the cortical duct, which allows the urea to be massively concentrated, and the latter are abundant
in the innermost medullary sections of the duct, allowing urea to be reabsorbed into the inner
medulla along the concentration gradient. This mechanism of urea recycling is essential for the
maintenance of the medullary osmotic concentration gradient which is used to reclaim water from
the tubule. More on this can be found in the chapters on renal handling of water, renal handling of
urea, and the countercurrent exchange/multiplier mechanisms.

Znttps://derangedphysiology.com/main/cicm-primary-exam/required-reading/renal-system/Chapter%20012/renal-handling-water;
https://derangedphysiology.com/main/cicm-primary-exam/required-reading/renal-system/Chapter%20017/renal-handling-urea-and-glucose;

https://derangedphysiology.com/main/cicm-primary-exam/required-reading/renal-system/Chapter%20006/counter-current-mechanisms-kidney
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Té bao Chen-giira

Thuat ngit “intercalated", c6 nghia 1a "lén diéu gi ddy mgt cach rd rang vao giira nhitng diéu khac", da mo

ta rat rd vé cac té bao nay. Cac té bao chen-giira ndy nam gitra cac té bao thuong bi tréng cd vé binh thudng

tao nén phan dng goi la "nhay cam vaéi aldosterone” (phan xa ciia D2 6ng lwon, dng ndi va dng gop). Ching

c6 cAu trac khac biét rd rét vai cac té bao con lai, va thuc hién chirc nang chi yéu lién quan dén ammonia,

kali va can bang toan-kiém. Chi tiét sau hon dugc viét boi tac gia Roy va cong su (2015)%, nhung véi ban Ve Mucluc |48
doc mubn ngan gon, hinh dudi day c6 1& du ding:
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Hosc, néi cach khac, cac té bao nay:

e Tiét ammonium (14 chat gan két truong tén [bay] cua hydrogen ion [H+] trong dng). NH4+ 1a su
két hop caa NH3 va H+, nim & dich loc trong long 6ng (bi giam cam bai su tich dién duong cta
chinh no).

e Tiét Chloride. Theo co ché thu dong cha yéu duoc van hanh bai co ché dién tich; sy tich dién
duong ctia ammonium c6 trong long dich tao ra mot chénh ap dién tich theo d6 kéo chloride vao
(dich loc trong long 6ng). Ban than Chloride c6 thé bi kéo nguoc vao lai té bao qua kénh trao doi
Chloride-bicarbonate, nhung protein nay (kénh trao d6i Chloride-bicarbonate) chi hoat dong khi
pH trong té bao 6n dinh & Mot muc cao.

Chirc nang thang bang toan kiém nay dong vai tro quan trong sinh bénh hoc ciia Toan hda dng than type
1% (do ton thuong éng lwon xa), khi ma sy bai tiét H+ nho vao nang luong (ATP-powered H+ secretion)
bi hu hoai, ma théng thuong nhd qua trinh nay gitp diéu chinh tinh acid. Khi pH giam, theo ly thuyét hoat
dong cua protein gidp tiét H+ nay phai gia ting, va do d6 lam ting kha ning bt giit ammonium & éng than
cling nhu tang thai chloride. O bdi canh RTA (dic biét & thé gene lin), cac protein tiét H+ nay c6 thé tro
nén kém hoac bat hoat ngay ca khi pH mau thap.

2 Collecting Duct Intercalated Cell Function and Regulation : Clinical Journal of the American Society of Nephrology (Iww.com)
% Type 1 (distal) renal tubular acidosis | Deranged Physiology
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Intercalated cells

The term "intercalated"”, meaning "shoved conspicuously in the middle of something else"”, describes these
cells very well. They appear amid more normal-looking epithelia in the so-called "aldosterone sensitive
tubule" segments (the distal D2 part of the convoluted tubule, the connecting tubule and the collecting duct).
They are clearly different morphologically to all the other cell types, and perform roles mainly related to
the handling of ammonia, potassium and acid-base balance. For more detail, one could always read the
review by Roy et al (2015), but a less interested person would probably be satisfied with the following
stylised pictograph:

Intercalated cells of the collecting duct
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Or, in the form of words, the intercalated cells:

e Secrete ammonium (which traps hydrogen ions in the tubule). The ionized NH4+, the combination
of excreted NH3 and H+, remains in the lumen of the tubule (where it is trapped by its charge).

e Secrete chloride. This is a passive mechanism which is mainly driven by voltage; the positive
charge of secreted ammonium creates a gradient for the removal of chloride. It can be reclaimed
again by the activity of a chloride-bicarbonate exchanger, but this protein is only active if the
intracellular pH is suitably high.

This acid-base function has importance in the pathogenesis of Type 1 (distal) tubular acidosis, where there
is a problem with ATP-powered H+ secretion, normally an acidity-regulated process. As pH drops, so the
activity of this protein should increase, thus increasing the capacity for tubular ammonium trapping and
chloride excretion. In distal RTA (particularly the recessive variant) the activity of this protein can remain
sluggish even at a low systemic pH.
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