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thyroid scan demonstrating an autonomous ("hot") nodule
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thyroid scan demonstrating typical appearance of a large, 3.5 cm hypofunctioning
("cold") nodule in the left upper lobe of the thyroid
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Benign Malignant

Multinodular (sporadic) goiter Papillary carcinoma
("colloid adenoma”

Hashimoto's (chronic lymphocytic) Follicular carcinoma
thyroiditis

Cysts (colloid, simple, or hemorrhagic) | Minimally or widely invasive

Follicular adenomas Oxyphilic (Hiirthle cell) type
Macrofollicular adenomas Medullary carcinoma

Microfollicular or cellular adenomas | Anaplastic carcinoma

Hiuirthle cell (oxyphil cell) adenomas | Primary thyroid lymphoma

Macro- or microfollicular patterns Metastatic carcinoma (breast, renal
cell, others)
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Dimensions: Can be of varying sizes, though nodules >1
cm should undergo further workup. Nodules
<| cm are generally not palpable unless they
are in the anterior lobe.

Surface: Can range from smooth to irregular suggesting
benign and malignant nature of nodule respectively

Consistency: Can range from soft, firm to hard suggesting
diagnoses such as colloid cysts, adenomas to
carcinomas respectively

Mobility: Nodules fixed to underlying tissues generally are
suggestive of cancer

Overlying skin: | Can be freely mobile or fixedin case of cancer.

Tenderness: Tenderness suggests recenthemorrhage.
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Thyroid nodule found clinically
or incidentally on imaging

v

TSH, thyroid ultrasocund

TSH normal TSH subnormal

or elevated * l

Radionuclide thyroid scan

Measure FT4, T31
[

v v

Nodule is Nodule is
nonfunctonal functioning
|
| |
FT4 and FT4 and/or
T3 normal T2 high
¥ ¥ ¥
Meets sonographic Subclinical Overt
criteria for FNA? hyperthyroidism hyperthyroidism
Yes No
¥ ¥
Observe in

FNA | | Monitord Treat®

most cases
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Clinical and Sonographic Findings Distinguishing Benign

From Malignant Thyroid Nodules

Clinical Features

Sonographic Risk Assessment

Historic Features

Benign

Young (<20-30 years old)
age

Male sex

Neck irradiation during
childhood or
adolescence

Rapid growth

Recent, persistent changes
In speaking, breathing,
or swallowing

Family history of multiple
endocrine neoplasia

type 2
Physical Examination

Firm, fixed, and irregular
consistency of nodule

Vocal cord paralysis or
hoarseness

Persistent regional lymph
adenopathy

Purely cystic nodules

Very Low Suspicion

Spongiform or partially cystic nodules
without irregular margins,
microcalcifications, or extrathyroidal
extension

Low Suspicion

Solid, isoechoic or hyperechoic nodules
without irregular margins,
microcalcifications, or extrathyroidal
extension

Echo-free (cystic) lesion

Spongiform appearance

Homogeneously hyperechoic lesions

Hypoechoic halo

Intermediate Suspicion

Solid, hypoechoic nodule without

irregular margins, microcalcifications,

or extrathyroidal extensicn
Hypoechoic lesions
Presence of microcalcifications
Irregular infiltrative margins
Absence of halo
A taller than wide shape measured In
the transverse dimension
Internal or central blood flow
Suspicious cervical lymphadenopathy

High Suspicion

Solid, hypoechoic nodule with one or
more features: irregular margins,
microcalcifications, extrathyroidal
extension
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Sonographic US features Estimated | Consider biopsy
pattern risk of {FNA size cutoff,
malignancy largest
dimension)
High suspicion Solid hypoechoic nodule or =70 to 90% Recommend FNA
solid hypoechoic component at >l cm

of a partially cystic nodule
WITH one or more of the
following features: irregular
margins (infiltrative,

microlobulated),

microcalcifications, taller than
wide shape, rim calcifications

with small extrusive soft tissue
component, evidence of

extrathyroidal extension

(High suspicion) = , Js6 - ¥ Jsi>

Hypoechoic nodule with microcalcifications
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s B8 5553 08 J213 055 Ok Gl L ol pon S ST St = Y IS
A longitudinal image with Doppler interrogation of the left thyroid lobe that shows a hypoechoic, hyper-

vascular nodule in its lower pole (N). Blood vessels are seen in the rest of the lobe (arrows).
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microcalcifications,
extrathyroidal
extension, or taller
than wide shape

Sonographic Estimated Consider
patteﬁn g US features risk of biopsy (FNA
malignancy @ size cutoff,
largest
dimension)
Intermediate =~ Hypoechoic solid 10 to 20% Recommend
suspicion nodule with FNA at >1
smooth margins cm
WITHOUT

(Intermediate suspicion) L. s s L 5 Sl Jsb - 0 Jsd>

oln! LB18 aakio (Kl axols
Fee 50k g Gluwsli [pgu 9 p9o o)locds [pais JLu



(Intermediate suspicion) L s lost L S sS1 50 Jols = ¥ S
This is a transverse view of the thyroid gland (T) that shows a 3.2 x 1.2 cm hypoechoic,
pre-tracheal nodule (+ --- +) in the righlHDt lobe/isthmus
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Sonographic Estimated Consider
pattern US features risk of biopsy (FNA
malignancy | size cutoff,
largest
dimension)
Low suspicion | Isoechoic or 5 to 10% Recommend
hyperechoic solid FNA at>1.5

nodule, or partially .

cystic nodule with
eccentric solid
areas, WITHOUT
microcalcification,
irregular margin or
extrathyroidal
extension, or taller
than wide shape

( Low suspicion) P P S RUPR VS VPR
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A longitudinal image of the left thyroid lobe that shows a 2.76 X 1.65 cm isoechoic nodule
(+ --- + & X --- X). A thin halo (arrows) is evident

oSt L S S e sk -0 S
Transverse view of the thyroid region that shows a hyperechoic nodule (N) in the w4 o,
right lobe of a goite
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Sonographic UsS f Estimated Consider
eatures .
pattern risk of biopsy (FNA
malignancy size cutoff,
largest
dimension)
Very low Spongiform or o Consider
suspicion partially cystic <3% FNA at >2
nodules WITHOUT
any of the cm .
sonographic features Observation
described in low, without
intermediate, or high ENA is also
suspicion patterns -
reasonable
option

(Very low suspicion) b > oy b Jsdks = Vs

IS i Sy — £ IS

LI
IE | Thyroid nodule with spongiform appearance on ultrasound
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Sonographic US features Estimated Consider
pattern risk of biopsy
malignancy (FNA size
cutoff,
largest
dimension)
Benign Purely o No biopsy
cystic =l
nodules (no
solid
component)
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Figure 1. Thyroid nodule size and the types and distribution of thyroid malignancy. Data
from 7348 evaluated nodules are presented.
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The National Cancer Institute Thyroid Fine Needle Cancer
Aspiration State of the Science Conference (“Bethesda risk
Conference”) suggests the following cytologic
classification scheme :

I.Nondiagnostic (unsatisfactory) | to 4%

II. Benign — This includes macrofollicular or 0to 3%
adenomatoid/hyperplastic nodules, colloid adenomas, nodular
goiter; and Hashimoto's thyroiditis

IIl. Follicular lesion or atypia of undetermined significance (FLUS |5 to 15%
or AUS) —This includes lesions with atypical cells, or mixed
macro- and microfollicular nodules

IV. Follicular neoplasm —This includes microfollicular nodules, 15 to 30%
including Hiirthle cell lesions

V. Suspicious for malignancy 60 to 75%

V1. Malignant 97 to 99%
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ographic criteria for FNA should be
monitored. The frequency of evaluation depends upon the sonographic

features of the nodules We perform periodic ultrasonography initially
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802 participants assessed for
eligibility

378 were excluded

+ 325 Did not meet eligibility criteria

+ 39 Did not have inform consent

+ 14 Had other reasons: pregnancy(1), participate
in other trials(10), don't allow their physicians (3)

4

424 participants were randomised
in 20 centers, stratified by center

b—»

380 participants remained in 16
centers

l

l ‘

193 were assigned to Favipiravir group

4 centers (44 patients) were
excluded because of unsatisfactory
monitoring report

187 were assigned to Lopinavir/Ritonavir grp

No information retrieved from clinical
units about 4 patients (lost)

No information retrieved from clinical
units about 3 patients (lost)

190 (Modified intention to treat population) 183 (Modified intention to treat population)

2 Wrongly diagnosed (CT changes and
diminished 02 saturation was due to
Mustard Gas exposure during Iran-Iraq
war in one and bronchitis in another)

1 Wrongly diagnosed (CT changes and
diminished 02 saturation was due to
Mustard Gas exposure during Iran-Iraq
war)

2 cases were assigned to the wrong
protocol

20 discharged early (recovered in less
than seven days) or failed to receive
daily protocol treatment

14 were ineligible at the time of
recruitment (Sa02>93%)

A

1 cases were assigned to the wrong
protocol

20 discharged early (recovered in less
than seven days) or failed to receive daily
protocol treatment

13 were ineligible at the time of
recruitment (Sa02>93%)

v

153 Per-protocol population

147 Per-protocol population

Fig. 1. Participants flow diagram.
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Table 1

Participants characteristics and baseline comparison in the modified ITT popua-

lation by treatment regimens,
Favigiravir [N Lopiravies Total (N = 373)
= 190 Ritosavir (N =
183}
Age - myean (SD)* 586 (17.5) 56.6 (17.1) 576 (17.3)
Sex (Male) - no. (%) 115 (60.5) S (452} 05 (55.0)
BMI - mean (SDH T2 (AE) IRT (A5) XA ()
Ediucation - no. (%)
Elementary 110 (57 9) 107 {58.5) 217 (58.2)
Diiploens 30 (205) 36 (19.7) TS5 (201}
Racherlos N7 26 (14.2) 59 [15.8)
Master 3.6} S(27) B{21)
Doctoral snd 527 4.9 14 (1.8}
abowe
Comorbidities - no. (%)
Hypertension &4 (3T s (36 0) 130 (34.9)
Dilabetes &7 (300 9 (20.3) W (257
Charcede heart 19 (10u0) 21 (115 40 [10.TH
elisrais
Cheremic lung 6(3.2) T (38} 13 (3.5)
discaie, ot
asthma
Asthma T TLE) 14 (1.5)
Wil liver dicase 1.{0.5) A4(22) 5(1.3)
Kistney diseaie 31.6) A6y &6}
REnanasslogic 2001} AL & (1.6)
diseane
Charomic 632 B45) 15 (4.00
mearclogic disease
Vieal signs om sdmision - no. (%)
Fever “C - mean ATZI0T)H 372 (0.8 I7.2(0E)
[E2 ]
Heast eale - mean 90,7 (145) 2.0 (14.4) 91.3 (14.4)
[E2 0]
Respirabary rase - 20 () 1] 21 (8
median (IR
Sp0y % - median &9 (5) &9 (7 a9 (6
(IR
Systolic BF menHg 1228 (16.6) 1246 (14.8) 1237 {(15.8)
- msan (S0¥)
Dizstolic BF FrA(A0) T (5.8) TS
mmbg - mean
(L))
SYmpLoms - o, (%)
Respiratary 35 (185) A0 [TEE) 75 (20T}
clistrens
Chall 17 (9.2) 15 (B.5) 32 (BB}
Cough 52 (281) A8 (270D 100 (2760
Dyxpoea 19 (10.3) 24 (138) 43 (11.9)
Chest pain 127 (BALT) 133 (75.1) 60 (T8
Anorexia AT [25.4) A7 [(26.6) (2600
Dimrrhea 131 (Fo8) 123 {&9.5) 254 (T0.2)
Veeniting &0 (3X4) &6 (37.3) 126 [ 34.8)
Abdomins] pain 420227 =8 (327 100 (27.6)
S throat IR2OT] 35 (198) &7 (18.5)
Myalgia OB (SRO) BE (49T 186 (51.4)
Arsthralgia 101 (54.6) 115 {63509 26 (58TH
Fatigue 24 (130) 3 Ts) 551520
Headache Al [2ZZ) 44 [249) 85 [23.5)
Lung CT scan findings - no. (%)
Ground-gla 163 (B5.8) 153 (BL6) 36 (BATH
patlern
Comadidaticn 22 (153 I7 (20T) &6 (17.7)
Bilateral beioms 172 (30.5) 160 {57.4) AAT (EB0H
Mubti-lobar 173 (91.0) Tl (ST 4) 33 (BRI
lesiecns
Lab sscesaevent - mo. MIR)
WBC (xO00 sl 184; 6.9 16% 6.3 35% 6.5
51-89 4.9-9.1) 15.0-8.9)
Lymphocyte 157 1.1 143 1.2 300; 1.1
Wl oucch Al (O9-1.6) E-1.5) [LES TS
ewtropil 157;53 14 48 29 49
1000l (26-7.1) (33-7.1) 34-7.1)
Platebet (x1000, 18I, 1955 166; 1945 346; 195
el {157.0-251.5) [150-240) {153.0-245900)
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Table 1 {coratinued )

Favipiravir (¥ Lapimanirs Total (N = 373)
= 190} Ritonavir (N =
183)
Hibs {g5dl) 183 13.2 168 1315 34%; 13.2
(1Z1-141) [11.6-14.3) (11.9-14.2)
HCT (%) 174; 40.0 161; 39,2 335, 398
(37 3-427) [35.6-43.0) (36.3-42.7)
ALT {imasTH 1377 13 27 26%; I7
(18.0-22.0) C18.0-48.0) (1B.0-42.00
AST (i1 13733 130; 36 268; 34
(25.0045.0) [ 26.0-51 0) {Z5.0-48.0)
AlkePh [l ly 124 176 118; 183 4L 1795
(139.5-212.5) [153.0-244.00 (146.0-220.0)
P (sec.) 13x13 13513 26%; 13
(12.0-15.0) [12:0-14.8) (120-14.8)
PTT [sec.) 138 34 135: 34 I
[ 300-40.0) (3003500 (B00-39.00
xR 13511 13 1.0 267; 106
(1.0-1.2) [1.0-1.2) {1.0-1.2)
BUN (mgdl) 18717 158; 16 32517
[120-26.0) [11.0-24.0) (120-25.00
G (g /dly 17X 11 165; 1 (0.9=1.2) 338; 1.1
{0.9-1.33 0.9-1.3)
Uric Ackd (mgedl)  29pé2 kT 4 B35
(4.5-7.7) [d.6-1000) (46-89)
BS. {rgrdl} 12 117.0 1T 243 118
(98.0-168.0) (97.0-156.0) (9E.0-164.00
Na (mEq/1) 17% 138 165; 138 340 138
{135.0-140.0) [135.0- 1 40,0 {135.0-140,0)
K (mEqg1) 174 4.0 163: 4.1 237 41
(38-4.5) (3.5-4.4) (38-4.5)
Ca (g iy 125 4.7 124; 9 (B.3-9.4) 25284
(8.3-9.1) (83-9.2)
Mg (mEq/T) 1252009220 N/ Z5-21 23| 2(1.9-22)
Phosphorus (mg/  10Z 3.1 106; 3.3 208; 3.2
I} (25-3.9) (2 4l 0) (25-40)
CRP (g1} 1022 92 24.5 203; 23
(344300 [4.3-45.5) (4.0-44.00
ESR [ser.) 135 40 1I3; 46 258; 45.5
(27.0-63.0) [25.0-620) {26.0-62.00
LD fiuA) 120 551.5 124 546.5 244; 5465
(A50.0-TE4.0) [427.5-T63) (441.0-750.5)
" Mean age was caloulated in ITT
Table 2
Additional treatments used in study groups in modified ITT popualation.
b Ll Favipit (1] L Total (N
received during stody = 150) Ritonanir (M = = 73}
1Ea)
Ciral seroid & (4.4) 15 (8.5) I3 6.4)
intravensus stercdd 41 (22.5) 35 (19.8) T6(21.2)
Inberteron 2B (1T6) BN 6 (1280
Romadesivie (L1 2010 401
Onbser antivirals S50 (R{E] 10 (2.8)
Plasmaphenesis 1 {0.5) 4 {13) S04
Intravenous 2{L1 4(23) & (L7
immusnoglobulin ([VIG)
HEAIDY I8 [15.4) 25141} 53 [14.8)
Orsl Antiblotics 76 [40.0) 62 (339 138
(370
¥ Antibiotics 99 [53.5) VhZ (58.1) 21
5810
Oral Anticoagulant 15 (8.1) 18 (10.1) IA[R1)
¥ Anticoagulant 139 (75.1) 128 (71.9) 267
(F36)
Froton Pumgp Inhibizors 129 (657} 114 (640 243 (6.5)
ACEL/ARB" 26 (14.00 B2 4B (1358
Famcdidane 15 (8.6) 21 {11.8) 37 (10.2)
Seatir 26 (14,00 21 (11.8) 4T (13.00
L widal anti-i ry drugs

* Angiotensin-converting enzyme inhibitor/Angiotensin receptor blockes

NS é Olod O 38 Sloyd b9y
Llos S bl Sloys lajiss nl seal 5 2 5550 55 olads 5 peb Il s OVlie s s il

L»ASL;-JEWL\SQA:_JB@b)seﬂbmaﬁﬁﬁjlm)lél{Qbﬁﬁ\é;}b;\b\jdc@);
wS}),\thl{Qb); o_)jbdjkjba‘)w cc}}A&A{.J\A.} QL&L; ‘_) QIJQ\)I.: "\'.’.L’ ﬁ‘oJ;oéulm‘ awJlas C)‘i‘-)"
5> QT Aol pus SVsb Gla 5185 s @ a3y 53 53 (VY0 40 ele ¥ 1) Siebesl Llsl 55 (S5 S

o

olp! LB paasin by axols>
VFer 50k g Glumali [pguw 9 p99 o)lods [puis JLu



bl 2 o 50 T (lew a5 olKin 055 a0 a5l s Lo andllas w0 oS Jliles 3 s Lo 5 Lo

Js Lol sdsosls jolantl slaey S 5l s o Olles and (sl 1yl Oloys i bo o258 530S
C,‘.w‘ o.l..J-C,s.JY (ij\}'); Q‘JLQ..:.’ .L...uj: L;“.%L:)J 6L§QLA)DJ_:L~« wuﬁ v_pJS

Clinical recovery

0.75 1.0%e

0.50

0.25

Cummulatative Probability of dischar,

0.00

0 10 _FO 30 40 50
ime in days
Number at risk
treatment = Favipiravir 184 37 9 3 1 0

treatment = Lopinavir/Ritonavir 183 35 4 2 0 0
Favipiravir LopinavirRitonavi

Fig. 2. Kaplan Meier Failure plot showing time to clinical recovery by treat-
ment groups in modified ITT population.
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Table 3
Comparison of the study outcomes in Favipiravir and Lopinavir/Ritonavir treatment regimens.
Modified ITT population Per-protocol population
Favipiravir(N Lopinavir/Ritonavir  Total (N = 373) Favipiravir(N Lopinavir/Ritonavir  Total (N = 300)
=190) (N=183) = 153) (N=147)
In-hospital mortality - no. (%) 26(137) 21(115) 47(126)X* = 041;p=052  22(144) 17 (11.6) 39(13) X = 0.53;
p=047
Intubation - no. (%) 27(142) 17(9.3) 44(11.8)X?=217;p=0.14  23(150) 13(88) 36(12) X2 = 272;
p=01
ICU admission - no. (%) 31(16.3) 25(137) 56(15.0) X = 051;p=047  26(17.0) 18(12.2) 44(147)X = 1.35;
p=025
Median length of hospital stay -~ 7(4-9%;n=153 6 (4-10); n = 150 6 (4-10); n = 303 Mann- 6(4-9;n=124 6(4-9;n-122 6(4-9); n - 246
days (IQR) Whitney U test: p = 0.85 Mann-Whitaey U
test: p = 0.92
Median survival time till clinical 6 (4-10); n = 6(4-10);n = 182 Log-rank X = 038p=054 6(4-9;n=150 5(3-9);n = 147 Log-rank X = 038;
recovery - days (IQR") 185 p=054

* patients discharged against medical advice were excluded

® Inter Quartile Range

Table 4

Hazard ratios and their 95% CI for clinical recovery estimated from Cox pro-

portional Hazard modelling.

Modified ITT pop

Per protocol pop

No. of Hazard Ratio No. of Hazard Ratio
events (95% CI) events (95% CI)
Lopinavir/ 152 1.00 124 1.00
Ritonavir
Favipiravir 156 0.94 (0.75-1.17) 127 0.93 (0.73-1.19)
Group
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Table S

Frequency of Adverse drug effect in Safety population by study groups.

Adverse drug effect Favipiravir Lopinavir/ Total (N P-

(N — 190) Ritonavir (N — = 373) value
183)

Anaphylaxis 1(0.53) 9(4.92) 10(2.68) 0.009

Itching 1(0.53) 4(2.19) 5(1.34)
Vertigo 0(0.00) 2(1.09) 2(0.549)
Nausea 0(0.00) 5(2.73) 5(1.349)
Dyspnea 0(0.00) 3(1.64) 3(0.80)
Diarrhea 0(0.00) 3(1.64) 3(0.80)
Abdominal pain 0(0.00) 1(0.55) 1(0.27)

Gastrointestinal 29(15.26) 54(29.51) 83 0.001

(22.25)
Anorexia 6(3.16) 18(9.84) 24(6.43)
Nausea o9(4.74) 24(13.11) 33(8.85)
Vomiting 0(0.00) 6(3.28) 6(1.61)
Diarrhea 5(2.63) 19(10.38) 24(6.43)
Abdominal pain 5(2.63) 10(5.46) 15(4.02)
Dry mouth 9(4.74) 16(8.74) 25(6.70)

Neurologic 15(7.89) 22(12.02) 37(9.92) 0.2
Fatigue 5(2.63) 10(5.46) 15(4.02)
Headache 4(2.11) 8(4.37) 12(3.22)
Lethargy 5(2.63) 11(6.01) 16(4.29)

Loss of balance 2(1.05) 402.19) 6(1.61)
Low mood 2(1.05) 1(0.55) 3(0.80)
Paresthesia 1(0.53) 3(1.64) 4(1.07)
Non-specific pain o (o) 2 (2.56) 2((1.25)
Stupor 1(0.53) 1(0.55) 2(0.54)

Ophthalmologic 1(0.53) 42.19) 5(1.34) 0.17
Blurred vision 0(0.00) 2(1.09) 2(0.549)

Lacrimal gland 1(0.53) 2(1.09) 3(0.80)
dysfunction

Endocrine 1(0.53) 2(1.09) 3(0.80) 0.55
Hypothyroidism 1(0.53) 0(0.00) 1(0.27)

Cardiac 6(3.16) 8(4.37) 14(3.75) 0.55
Cardiomyopathy 3(1.58) 2(1.09) 5(1.34)
Arrhythmia 1(0.53) 1(0.55) 2(0.54)

Respiratory 4(2.11) 12(6.56) 16(4.29) 0.04
Dyspnea 3(1.58) 10(5.46) 13(3.49)

Cough 2(1.05) 9(4.92) 11(2.95)
Pharyngitis 1(0.53) 0(0.00) 1(0.27)

Dermatologic 2(1.05) 3(1.64) 5(1.34) 0.63
Skin rash 0(0.00) 2(1.09) 2(0.549)

Hair loss 1(0.53) 1(0.55) 2(0.54)

Nephrologic 5(2.63) 3(1.64) 8(2.14) 0.609
Polyuria 2(1.05) 1(0.55) 3(0.80)
Hematuria 0(0.00) 1(0.55) 1(0.27)

BUN rises 2(1.05) 0(0.00) 2(0.549)
Creatinine rise 2(1.05) 0(0.00) 2(0.54)

Hemartologic 1(0.53) 1(0.55) 2(0.54) 0.5

Anemia 1(0.53) 1(0.55) 2(0.549)
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Table 2-1 Estimated Energy Requirements for Hospitalized Patients
Based on Body Mass Index

Energy Requirements

Body Mass Index (kg/m?) (kcal/kg/d)
15 35-40
15-19 30-35
20-24 20-25
25-29 15-20
=30 2%

Note: These values are recommended for critically ill patients and all obese patients; add 20%
of total calories in estimating energy requirements in non—critically ill patients.

Table 2-2 Recommended Daily Protein Intake

Clinical Condition Protein Requirements (g/kg IBW/d)?
Normal 0.8

Metabolic ®stress® (illness/injury) 1.0-1.5

Acute renal failure (undialyzed) 0.8-1.0

Hemodialysis 1.2-14

Peritoneal dialysis 1.3-1.5

#Additional protein intake may be needed to compensate for excess protein loss in specific
patient populations such as those with burn injury, open wounds, and protein-losing enteropathy
or nephropathy. Lower protein intake may be necessary in patients with chronic renal insufficiency
who are not treated by dialysis and certain patients with hepatic encephalopathy.

IBW, ideal body weight.
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Table 2-3

Trace Minerals, Fat-Soluble Vitamins, and Water-Soluble Vitamins: Recommended Daily Intake, Midnq
At Risk Populations, Toxicity, and Status Evaluation (Continued)

Recommended
Daily Enteral®
Intake/
Parenteral Signs and Symptoms
Nutrient Intake? of Deficiency®
lodine (17) 150 mcg/ Thyroid hyperplasia
70-140 mcg (goiter) + functional
(not routinely hypothyroidism
added) Intrinsic in utero:
cretinism, poor CNS
development,
hypothyroidism

Iron (Fe2*3*) 8 mg/1.0-1.5 mg
(not routinely
added)

Fatigue, hypochromic
microcytic anemia,
glossitis, koilonychia

Manganese
(Mn2+)

2.3 mg/
60-100 mcg

Hypercholesterolemia,

weight loss®

Selenium
(8604 2= )

55 mcg/
20-60 meg

Myalgias,
cardiomyopathy*
Intrinsic: Keshan's
disease (Chinese
children), Kashin-
Beck disease,
myxedematous
endemic cretinism
Poor wound healing,
diarrhea (high fistula
risk), dysgeusia,
teratogenicity,
hypogonadism,
infertility, acro-
oroficial skin lesions
(glossitis, alopecia),
behavioral changes
Intrinsic: Acrodermatitis
enteropathica

Zinc (Zn?*) 1l mg

2.5-5.0 mg

olp! (LB18 (rasin oK axls
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dermatitis, dementia,

Populations At Risk Signs and Symptoms
for Deficiency!+ of Toxicity*

Those without access Hypothyroidism blocks
to fortified salt, thyroxine synthesis
grain, milk, or OR hyperthyroidism
cooking oill! Excess

supplementation in
severe deficiency

PO or IV:
hemosiderosis,

Reproductive age
females, pregnant
females, chronic

anemias, in liver, pancreas,
hemoglobinopathies, heart and glands
post-gastric Intrinsic: Hereditary
bypass/ hemochromatosis
duodenectomy,
alcoholics

Chronic liver disease, PO: None® Inhalation:
iron deficient Hallucination,
populations Parkinsonian-type

symptoms®

Endemic areas of low PO: Nausea, diarrhea,
soil content include  AMS, irritability,
certain parts of fatigue, peripheral
China and New
Zealand'3 white splotchy nails,

halitosis (garlic-like

odor)

Chronic diarrhea, PO: Nausea, vomiting,

cereal-based diets,

alcoholics, chronic
liver disease, sickle Competition with Gl

cell, HIV, absorption can
pancreatic precipitate Cu*
insufficiency/any deficiency
intestinal Inhaled: Hyperpnea,
malabsorptive weakness,

states, fistulas/ diaphoresis

ostomies, nephrotic
syndrome,
diabetes, post-
gastric bypass/
duodenectomy,
anorexia,
pregnancy!?
Intrinsic:
Acrodermatitis
enteropathica

followed by deposition

neuropathy, hair loss,

gastritis, diarrhea, low
HDL, gastric erosions,

Status Evaluation*

TSHL, iodine, (24 hr

intake or iodine:

Cr ratio are more
representative than a
single sample)
Thyroglobuling!'3

Ferriting, TIBC,,

% Transferrin
saturation,, irong

No reliable markers
Manganeses does not

reflect bodily stores,
especially in the CNS

Seleniums, glutathione

peroxidase activity,

Zincs p, alkaline

phosphatase; (good
for those on TPN, but
in general Zincsp,
hair, RBC, WBC
levels can be
misleading)

Zinc radioisotope

studies (most
accurate tests at
present; limited by
cost and
availability) 12

(continued)



Table 2-3

Nutrient

Molybdenum

Vitamin A
Retinol

Vitamin D
Ergocalciferol

Trace Minerals, Fat-Soluble Vitamins, and Water-Soluble Vitamins: Recommended Daily Intake, Deficiency,
At Risk Populations, Toxicity, and Status Evaluation (Continued)

Recommended
Daily Enteral®
Intake/
Parenteral
Intake?

45 mcg/45 meg

900 mcg/
3,300 IV

5-15 mcg/
200 IU

Signs and Symptoms
of Deficiency*

CNS toxicity,
hyperoxypurinemia,
hypouricemia, low
urinary sulfate
excretion1© (also
reported with
parenteral sulfite
infusion)

Intrinsic: Molybdenum
cofactor deficiency,
isolated sulfite
oxidase deficiency

i
Conjunctival xerosis,
keratomalacia,
follicular
hyperkeratosis, night
blindness, Bitot spots,
corneal + retinal
dysfunction

Rickets/osteomalacia

None?

Any malabsorptive
state involving
proximal small
bowel, vegetarians,
chronic liver
disease

Any malabsorptive
state involving
proximal small
bowel, chronic liver
disease

Of note: Those with
higher skin melanin
content (i.e., darker
skin) have low
baseline 25-OH
vitamin D levels; it
is unclear whether
this merits their
inclusion as an “at
risk” population!®

Populations At Risk ~ Signs and Symptoms
for Deficiency'*

of Toxicity*

PO or any exposure:
Hyperuricemia +
gout

Inhaled:
Pneumoconiosis
(industrial exposure)

Acute: Teratogenic,
skin exfoliation,
intracranial
hypertension,
hepatocellular
necrosis

Chronic: Alopecia,
ataxia, cheilitis,
dermatitis,
conjunctivitis,
pseudotumor cerebri,
hyperlipidemia,
hyperostosis

Hypercalcemia,
hyperphosphatemia,
which can lead to
CaPO, precipitation,
systemic calcification
+/— AMS +/—AKI

Status Evaluation®

Molybdenum,

Retinols, retinol estersy,
electroretinogram,
liver biopsy
(diagnostic for
toxicity), retinol
binding protein
(useful in ESRD,
accurately assesses
blood levels)!4

25-0H vitamin Dg

Of note: lively debate
between IOM and
Endocrine Society
regarding definitions
of deficiency, goal
serum 25-OH levels,
and at risk
populations!5:16

(continued)
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mrm. Minerals, Fat-Soluble Vitamins, and Water-Soluble Vitamins: Recommended Daily Intake, Deficiency,

At Risk Populations, Toxicity, and Status Evaluation (Continued)

Recommended
Daily Enteral®
Intake/
Parenteral Signs and Symptoms  Populations At Risk Signs and Symptoms
Nutrient Intake? of Deficiency?® for Deficiency!+4 of Toxicity* Status Evaluation®5
Vitamin E 15 mg/10 U Hemolytic anemia, Any malabsorptive Possible increase risk  Tocopherol
(a,y)- posterior column state involving in hemorrhagic CVA,  Must account for
Tocopherol degeneration, proximal small functional inhibition of  cholesterol/triglyceride
ophthalmoplegia, bowel, chronic liver  vitamin K-mediated ratio: otherwise,
peripheral neuropathy  disease procoagulants higher cholesterol/
Seen in severe triglyceride ratio
malabsorption, overestimates vitamin
abetalipoproteinemia E, lower cholesterol/
triglyceride ratio
underestimates
vitamin E2C
fitamin K 120 mcg/150 IU  Hemorrhagic disease of Any malabsorptive In utero: Hemolytic Prothrombin time,,
Phylloquinone newborn, state involving anemia,
coagulopathy proximal small hyperbilirubinemia,
bowel, chronic liver  kernicterus
disease IV: flushing, dyspnea,
hypotension (possibly
related to dispersal
agent)
fitamin B1 1.2 mg/6 mg Irritability, fatigue, Alcoholics, severely  IV: Lethargy and ataxia RBC transketolase
Thiamine headache malnourished activityp, thiamineyg,,
Wernicke's
encephalopathy,
Korsakoff psychosis,
“Wet" beri-beri,
“Dry" beri-beri
tamin B2 1.3 mg/3.6 mg Cheilosis, angular Alcoholics, severely ~ None® RBC glutathione
Riboflavin stomatitis, glossitis, malnourished reductase activity,
seborrheic dermatitis,
normocytic
normochromic
anemia
ftamin B3 16 mg/40 mg Pellagra dysesthesias,  Alcoholics, malignant Flushing, N-methyl-nicotinamide,,
Niacin glossitis, stomatitis, carcinoid hyperglycemia,
vaginitis, vertigo syndrome, severely  hyperuricemia,
Intrinsic: Hartnup malnourished hepatocellular injury®
disease
itamin B5 5 mg/15 mg Fatigue, abdominal Alcoholics® PO: Diarrhea Pantothenic acid,
Pantothenic pain, vomiting,
acid insomnia,
paresthesias®
itamin B6 1.3-1.7 mg/ Cheilosis, stomatitis, Alcoholics, diabetics, Peripheral neuropathy, Pyridoxal phosphate,
Pyridoxine 6 mg glossitis, irritability, celiac sprue, photosensitivity

depression,
confusion,
normochromic
normocytic anemia

chronic isoniazid or
penicillamine use®

(continued)
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Table 2-3 Trace Minerals, Fat-Soluble Vitamins, and Water-Soluble Vitamins: Recommended Daily Intake, Deficiency,
At Risk Populations, Toxicity, and Status Evaluation (Continued)
Recommended
Daily Enteral!
Intake/
Parenteral Signs and Symptoms  Populations At Risk  Signs and Symptoms
Nutrient Intake? of Deficiency* for Deficiency* of Toxicity* Status Evaluation*®
Vitamin B7 30 mcg/60 mcg  Mental status changes, Alcoholics® None®85 Biotin,,, methyl-citrate,,
Biotin myalgias, 3-methyl-
hyperesthesias, crotonyglycine,,
anorexia®® (excessive 3-hydroxyisovalerate,
egg white
consumption results
in avidin-mediated
biotin inactivation)
Vitamin B9 400 mcg/ Bone marrow Alcoholics, celiac or  PO: May lower seizure  Folic acids, RBC folic
Folic acid 600 mcg suppression, tropical sprue, threshold in those acid,
macrocytic chronic taking anticonvulsants
megaloblastic anemia,  sulfasalazine use®
glossitis, diarrhea
Can be precipitated by
Sulfasalazine +
Phenytoin
Vitamin B12 2.4 mcg/5 meg Bone marrow Vegetarians, atrophic None® Cobalamin (B12),,
Cobalamin suppression, gastritis, pernicious methylmalonic acidsg
macrocytic anemia, celiac
megaloblastic anemia,  sprue, Crohn’s
glossitis, diarrhea disease, patients
posterolateral column postgastrectomy or
demyelination, AMS, ileal resection
depression, psychosis
Vitamin C 90 mg/200 mg Scurvy, ossification Fruit-deficient diet, Nausea, diarrhea, Ascorbic acidp,
Ascorbic abnormalities smokers!, ESRD* increased oxalate leukocyte ascorbic
acid Tobacco lowers plasma synthesis (theoretical acid
and WBC vitamin C2 nephrolithiasis risk)
Sudden cessation of
high dose vitamin C
can precipitate scurvy
AKI, acute kidney injury; AMS, altered mental status; CNS, central nervous system; CVA, cerebrovascular accident; ESRD, end-stage renal disease; IOM,
Institute of Medicine; IV, intravenous; Gl, gastrointestinal; HDL, high-density lipoprotein (cholesterol); TIBC, total iron bonding capacity; TPN, total parenteral
nutrition.
Subscript: b, blood; c, calculated; p, plasma; s, serum; u, urine.
AOnly reported in patients on long-term TPN.
BNever demonstrated in humans.
COnly able to induce under experimental conditions and/or only been able to induce in animals.
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Table 2-4 Guidelines for Vitamin and Mineral Supplementation in
Patients with Severe Malabsorption

Supplement Dose Route
Prenatal multivitamin with 1 tablet daily PO
minerals?
Vitamin D2 50,000 U two to three times per week PO
Calcium? 500 mg elemental calcium tid—qid PO
Vitamin B;,° 1 mg daily PO
100-500 mcg q1-2 mo SC
Vitamin AP 10,000-50,000 U daily PO
Vitamin K® 5 mg/d PO
5-10 mg/wk SC
Vitamin E® 30 U/d PO
Magnesium gluconate® 108-169 mg elemental magnesium qid PO
Magnesium sulfate? 290 mg elemental magnesium one to IM/IV
three times per week
Zinc gluconate or zinc 25 mg elemental zinc daily plus PO
sulfate® 100 mg elemental zinc per liter
intestinal output
Ferrous sulfateP 60 mg elemental iron tid PO
Iron dextran® Daily dose based on formula or table v
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Table 2-5 Electrolyte Concentrations in Gastrointestinal Fluids

HCO;

Location Na (mEg/L) K (mEqg/L) Cl (mEg/L) (mEgl)
Stomach 65 10 100 e

Bile 150 4 100 35
Pancreas 150 7 80 5
Duodenum 90 15 90 15
Mid-small bowel 140 6 100 20
Terminal ileum 140 8 60 70
Rectum 40 90 15 30
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Figure 1. Image noise with filtered backprojection compared with iterative reconstruction. Axial CT images obtained at the level
of the liver and reconstructed at a 0.67-mm section thickness by using the filtered backprojection method (a) and the iterative
reconstruction method (b) show that the image noise has substantially decreased with implementation of the iterative reconstruc-
tion algorithm.
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Iterative Reconstruction Options Available from Different CT Scanner Manufacturers

Manufacturer
Philips Healthcare

Statistical Iterative Reconstruction

Model-based
Model R

Iterative ruction (IMR)

Advanced Modeled Iterative Reconstruction
(ADMIRE)

Dose Reduction

Adaptive Iterative
(AIDR 3D)
Veo

daptive Iter:
(AIDR, AIDR+)

Adaptive Statistical Iterative Recon-
struction (ASiR)

GE Healthcare
(Milwaukee, Wis)

a.

Figure z  Imageindiseiar differ.
of the liv qu.red by using settings of 130 mAs
rbduLcLl matically, allowi iction of a low-attenuation liver lesion (arrow). The
ning procedu e for b was much hi igher.

settings for lube current-time product and tube vullage Axial CT images obtained at the |ew\
nd 80 kVp (a) and settings of 750 m/\ nd 120 kVp (b). The noise level
adiation dose to the patient during the scan
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Figure 3. Diagrams representing the differences for increases
in the tube current and tube voltage. (a) Diagram shows that
electrons (e-) are accelerated from the cathode toward the an-
ode at a given tube current and tube voltage. Bremsstrahlung
interactions within the anode result in the production of x-ray
photons (y). (b) Diagram shows that if the tube current is
doubled, twice as many electrons interact with the anode, and
twice as many photons are produced. (c) Diagram shows that
if the tube voltage is doubled, the amount of x-rays produced
per bremsstrahlung interaction increases in a nonlinear fashion.
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Figure 6. Ring artifact. (a) Diagram shows that
as the x-ray tube (T) rotates around the gantry,

different photon beams () at different angles in- g .
tersect to form rings in the center of the image. ' PL] s stﬁwé
(b, ©) Axial (b) and sagittal (c) CT images show

the ring artifact in an obese 50-year-old woman.

On the sagittal CT image, the artifact (arrowheads . . “ . -

in €) is seen as vertical streaks at the center of the L)gM d"p]‘ dL?:' ‘)L‘F:-.’ ‘)D LS'J‘-L)_ﬁ L}>|> Lj"'NJMD
image. (d, e) Axial (d) and sagittal (e) CT images
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