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Availability of hs-C-reactive protein as
Predictive Value of Acute Pyelonephritis
with Patient of Urolithiasis

Jin Wook Park, M.D., Sang Chan Jin, M.D.:, Sung Jin
Kim, M.D., Woo Ik Choi, M.D.

Purpose: The aim of this study was to determine early pre-
dictive value of acute pyelonephritis and urosepsis in
patients with urolithiasis in the emergency department.
Methods: We retrospectively reviewed medical records of
patients who visited the emergency department and were
diagnosed with urolithiasis by computed tomography for
three years. Patients with urolithiasis were grouped accord-
ing to the presence of computed tomography (CT) findings
with acute pyelonephritis. In baseline characteristics, labo-
ratory and CT findings of the two groups were compared.
Group 1 was defined as urolithiasis without acute
pyelonephritis and group 2 was defined as urolithiasis with
acute pyelonephritis. In addition, we compared the sepsis
versus non-sepsis and percutaneous nephrostomy (PCN)
versus non-PCN group in Group 2 for analysis of the hs-
CRP level of each group.

Results: The total number of urolithiasis patients was 744.
Among the patients, 84 (11.3%) had urolithiasis with acute
pyelonephritis in CT findings. Age, sex, history of diabetes,
history of urolithiasis, size of stone, duration of symptom,
body temperature, blood pressure, heart rate, respiratory
rate, leukocyte count, existence of pyuria, and hs-CRP dif-
fered significantly between the two groups, respectively. In
multivariate logistic regression analysis, age, history of
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urolithiasis, existence of pyuria, and hs-CRP were shown to
be independent predictors affecting acute pyelonephritis in
patients with urolithiasis. The area under the receiving oper-
ator characteristics (ROC) curve for CRP was 0.820 (95%
Cl, 0.754-0.886) and leukocyte count was 0.631 [95% con-
fidence interval (Cl), 0.542-0.721]. Sepsis and PCN groups
showed significantly higher hs-CRP level than non-sepsis
and non-PCN groups.

Conclusion: There were some independent predictive val-
ues of urolithiasis with acute pyelonephritis. It can be useful
in early detection of acute pyelonephritis or sepsis, and it
can be helpful in making treatment plans for patients of
urolithiasis.

Key Words: Urolithiasis, Pyelonephritis, C-reactive protein
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Center, Keimyoung University School of Medicine, Daegu,
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Article Summary

What is already known in the previous study
Hs-CRP level is used for predictive value or as a prognostic
indicator for APN in the emergency department. In addi-
tion, kidney CT scan is used for diagnosis and severity
evaluation of APN and urolithiasis.

What is new in the current study

In urolithiasis patients, hs-CRP level is significantly higher
in the APN group than in the non-APN group. Therefore,
hs-CRP level is an independent predictive value of APN in
urolithiasis.
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J X459 (striated pattern of low atten—
Aol tm Aol oo Al%x<k(renal
abscess), A% (pyonephrosis), AR Q1 G A] vl &
°] 24 (poor global excretion of contrast), A%<
2 (obliteration of the renal sinus), W4 AlH|t)
(global renal enlargement) &} Z& Z 0] Qu}s,

v AAIG A e = gle 898 A T
A a3 1% C—d-g&® A (high sensitivity C—
reactive protein, ©]3} hs—CRP) 2 A$ #4 d5-%
W A 2 FATE e vwA A2 e S5
Az GA 54T oty A o7 AFelAE 74

| 9114l hs—CRP2] Hebd F-gA4e vk A+
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WIS A FE o F S5AAE Lol FoEA B

= =

9} o} hs—CRP7} PCN} 4
Ao A TS F 5 A=A Lol ®opr)
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A o] 9o A Folu A L] 4
= 7 (n=660)2F 3P 27+ Al
SH9 A o2 A4 wRkE 54
Ao] Hol= 7+ (n=84) 2. & o] vlw &
ga 27 xRS AT ID7])El
(n=26) 3 2¥A & 7 (n=58) 2F 7o
hs—CRP A& #lu #4591 PCNS A
(n=43)3 A& FA] 2 7 (n=41)2] hs—CRP
Hl A skt BE AR A A= S5
Al 27 A ARE EYE oRloh A5 A
B EHS- 55+ (systemic inflammatory response
syndrome, SIRS) 9] ek 7]Fel wpe} A2 >38°C =
<36°C, HutES >903]/%, 55 >203]/%, Wy
>12,000/mm’ 1= <4000/mm*S 7|FO.2 EFaH3ith
00 F wA A Bl A S 99 Ad)E
= 7 7 oS wEAT = AR St e
H2E A A dipstick test) oAl trace o]do]AY dAnH
8 AP &I (400 X) ol A 4~971 o]l A2
FostRal we 9 AAMNA trace o7, alE A
n 7 A A 57 o]l A2 AL s 249
hs—CRP W 91+ 0~0.5 mg/dlo]t}.
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A ksl EG Al Al Z2AA AFES YEiA
A oEld (creatinine) FAE &Qlsh & g Ao 93|
A & Sl gyl O8] dista WA Exbol Al 52
= gttt g3 FeloleldS B9 AR 7|l uket
1.3 mg/dIQl 4§ 2FAel st AER 7S Gl
T ZYAE AFEEA 4okt BE A daksld S 2

2 64 T+ 128 Channel Multi—detector Computed
Tomography (SOMATOM Sensation 64, Siemens
Medical systems, Erlangen, Germany)E AFE3}T}
Z9 A A& Al H]1% 9 7] (unenhanced phase), 3244
7] (corticomedullary phase), 7] #j%7] (early
excretory phase) 2l 3719 9A4S 4y A9 ) =4
=4 AFAE ko] FY71E AHEEte] 1.5 mL/kg
o 828 3 mL/s9 52 Tt HugE> 120
mLZ AS FA JAFA7 9 G4 A T4

% 30~50% Fo dom 90~120%F %7] wiE7]9
FFE Aotk A dAarslaSEG o] 2ol e A4
o] YA (A, AF-ed, FHeHw e, W]
a5, A7, MFEE AT w4 AAE e g
AFARZE o4lo] H= dAE T A% AasdsEY
AAL = A AN 7] E3 20 E Bols AR HF Ad
ahoith. PCNS A A 82} 744 = 839 (11.2%) o] A3
wokal 21 AakstdEE A4 A T 94 AeAd
o] g 24} 841 Fol M= 439 (51.2%) 0] A8 wEekTh

EAEA L SPSS 22.0 for Windows (ver. 20.0

2489tk M8 W4 Chi—square test, Fisher's

exact test, Linear—by—linear associationg ©]£3}%]

Table 1. Comparison of characteristics of patients.

Bt} Receiver operating
characteristic (ROC) S4S &3] hs—CRP#t¥} B &
T FA Y Ao e 949 G vfE U So]l%
£ Fetalen, EAA F9 FE2 patel 0.05 vjukel 4

$-2 sl

Z 1
1. Thas BHRFO] LBl S 1|

g7 AXow g da= F 7440I%lL o] T &
d 2 & = 849 (11.3%) 01tk 1 5
WAool 4687 (62.9%) 1L o/d0] 276 (37.1%) 1%
ow Hybol= 54.8116.041% 2, SHYEAY
A 27] A A5l 571 Dol 90 mmHg ] st2
APe Bl A9 169 (2.2%), W7t £ 903
o]74e] W& Hel Af+ 95%W (12.8%), T557F &2
& Hel A9+ 999 (13.3%) ol Tt

T A= 927 (12.4%) 01903 &
A 74+ 1427 (19.1%) ©1 e

e A 84 CTE A& 1 5 3379

(54.7%) X 2957 CTE AYssith 17+ 291
3 (44.09%) 9] A7} B xYE7 CTE Aok 23
N E 468 (54.76%) 2] 3A7F v 2y S CTE A3

Group 1 APN (-) Group 2 APN (+)

Variables (n=660) (n=84) p-value
Age (years of age) 47 (39-57.75) 63 (53.75-71.25) <0.001*
Gender, n (%)

Male 428 (64.8) 40 (47.6) 0.002"

Female 232 (35.2) 44 (52.4)

DM history, n (%) 71(10.8) 21 (25) <0.001"
UT stone history, n (%) 109 (16.5) 33(39.3) <0.001"
Duration of symptom (hour) 3(1.8-7.3) 24 (4-66) <0.001*
Initial BT (" C) 36.5(36.13-36.6) 36.8 (36.4-37.6) <0.001*
No. of abnormal BT, n (%) >38.0 or <36.0°C 40 ( 6.0) 25 (29.8) <0.001"
Blood pressure, n (%) SBP <90 mmHg 6(0) 10(11.9) <0.001"
Tachycardia, n (%) HR>90 rate/min 68 (10.3) 27(32.1) <0.001"
Tachypnea, n (%) RR>20 breath/min 77 (11.7) 12 (27.4) <0.001"

* Statistical significant by Mann-Whitney U test
T Statistical significant by Pearson’s chi-square test

Data are expressed as median (Q1-Q3), number (percentage). APN: acute pyelonephritis, DM: diabetes mellitus, UT: urinary
tract, BT: body temperature, sBP: systolic blood pressure, HR: heart rate, RR: respiratory rate
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AP 2ol SAACE FoeHA E%om (p<0.001),
HAY A Frio] v A9, 22 A4 BAY] Q=

¢ ES 27N TAHCRE FosA =T
(p<0.001).

S WA S FFA A7 AR A Rbel| wE w4 Al
AR T G Aol & A B 13 F4Eke] 34
7H(1.8-7.3), 2 24X ZH(4-66) 22 Fo st zo]&
B AH(p<0.001).

Z7] BA Ao mE 2ol E AFHEH AL 270l A
T2 8HA =9kom (p<0.001), SIRSY At 7]Fo] uz}
>38.0 or <36.0°Cl #A7F 1ol A= 409 (6.0%), 2+
o M= 259 (29.8%) 07 EAH 07§28 2po] = vE}
UATHp<0.001). <34 U @A) 37 deto] <90
mmHg ¢! A= 27 9A FoeHA Bes & F
™ (p<0.001), AutE7 903] 2l At} Bt
T 2038 21 A= 270 FoHA Bk AS &
A% (p<0.001) (Table 1).

2. 22 AM0M 59 UMY S 7700 OE Z
Mol LY HAR A H[W

A GSEIAANY TAE 98 AA A ZA 9 9
A, A, A7l i ApolE Hlal A sklvh. A4 e 9]
Ae A, AR, e s, g vl
BFE WA e 1R A6k 270 o)l A¢R
ol A vl gloh A9 A= oF T Bl
S, A, et e g e e PR, T W ol
o el A4 Aol wE FA Al Ay o] A g
ARl FLE BolA A (p=0.909). 24 e
T zbel frof st Aol & HolA ekth(p=0.087).

X,
o

A7z 2ael A FestAl A 2717 Avk
1A TH(p<0.001) (Table 2).
AolA 5 o Zhell Z42F Wid T, hs—CRP,
7, 8 §5E vlwsiith 7+ 7 e 2] g9
AE v wAs A3 WHF = 27 A 574]%4
2 FAE BRI (p=0.005). SIRSS] 2

71 mEl wEd S 4271 >12,000 or <4000/mm*Q]
2o FAHCE WotH(p<0.001). 4 hs—

/\L]O/\]oﬂo] e 9= ANER
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(p<0.001) (Table 2).

Table 2. Comparison of patients according to characteristics of stone and laboratory findings.

Group 1 APN (-) Group 2 APN (+)

n=660 n=84 p-value
Position of stone, n (%) Renal calyx or pelvis 229 (34.7) 34 (40.5) 0.909*
Upper ureter 241 (36.5) 36 (42.9)
Mid ureter 99 (15.0) 13 (15.5)
Lower ureter 173 (26.2) 24 (28.6)
Uretero-bladder junction 127 (19.2) 14 (16.7)
Number of stone, n (%) 1 428 (64.8) 47 (56.0) 0.087"
>2 226 (34.2) 37 (44.0)
Size of stone (mm) 4(3-5) 5(4-8.5) <0.001*
L eukocyte counts (/mm?) 8025 (6222.5-100322.5) 9520 (7380-13140)  0.005*
No. of abnormal Leukocyte count, n (%) >12,000 or <4000/mm? 71 (10.6) 25 (29.8) <0.001"
Hematuria, n (%) 641 (97) 83 (98.8) 0.716"
Pyuria, n (%) 237 (35.9) 63 (75) <0.001"

hs-CRP (mg/dl)

0.05 (0.03-0.20) 1.02(0.15-11.14)  <0.001*

* Statistical significant by Mann-Whitney U test
T Statistical significant by Pearson’s chi-square test

Data are expressed as median (Q1-Q3), number (percentage). APN: acute pyelonephritis, hs-CRP: high sensitive c-reactive

protein



3. 22 MM 24 ARME 2ol &S 7R A AE & T AT (Table 3)
= QIAto]| CH ot CHHZE FAd
4. ROC M E 0|88t hs—CRP2} B 51 £X[0f o}

G BA A SAHCE FoE Kol Zor 2 UdEet 50l 24
Ehd A9, A, G 3AY, 8 F A4 (A, A4 37,
SHAEL T, BAE, AP, A, 255, B W ROC F41% hs—CRP ¥%9 34 3} W3 (Area under
5 B GT hs—CRPO Ulal A dF 2428 87 curve, AUC)L 0.820(95% CI, 0.754—0.886)0] 31 27
S AN Yo, 27 AX 3 AY, Fi, 181 & 0.3 mg/dl oo R a3ls A 54 AeAE A
hs—CRP7} 54 Al-¢-41d 9] WAz =2 4] AraddA 7} Ol WAL+ 64.6%, 5ol 86.2%°] 1 0.4 mg/dl ©]7¢

Table 3. Risk factors with occurrence of APN in urolithiasis patient by multivariate logistic regression analysis.

Odds Ratio 95% ClI p-value
Age (years of age) 1.042 1.008-1.078 0.016
UT stone history, n (%) 3.510 1.225-10.062 0.019
Pyuria, n (%) 4.147 1.605-10.710 0.003
hs-CRP (mg/dl) 1.759 1.015-3.049 0.044

Cl: confidence interval, DM: diabetes mellitus, UT: Urinary tract, hs-CRP: high sensitive c-reactive protein

938 patient were assessed for eligibility
(Urolithiasis)

84 patients did not perform CT scan

854 patients were included

o 110 patients were excluded because of
incomplete medical records

744 patients analyzed

Non-APN group APN group
N=660 N=84

Non-sepsis N=58
Sepsis N=26

Non-PCN N=41
PCN N=43

Fig. 1. Flow diagram of study patients.
CT: computed tomography APN: acute pyelonephritis PCN: percutaneous nephrostomy
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°% & AF WS 62.2%, 5ol
t} 0.5 mg/dl o] o® &3S LEH il
T 96.9% Atk WPF 29 B¢
(95% CI, 0.542—-0.721)°] a2 77l
S A EE61.0%, 5015 60

= 93.8%°]%
BT 54.9%, 5o
T4 5 WAL 0.631
< 8535/mm3% 3l

4
0% A} (Fig. 2).

5. 8d MUY AN IHE S Ll PCN Al
HO{ 70| [HE hs—CRP H| 1l

o] BAsHA b A (n=58) 3 LT dAt
T(n=26) 2 hs—CRP g A dTo] BAsHA ob2 Lol

A Zekgko] 0.31 (0.07-2.08), HdZo] A3t FollA
Zogko] 11.37 (4—24.65) 0.7 ol&= EAHoZ F23%

zHo] & K8t (p<0.001).

o7 @A‘]oﬂ}ﬂ :L/H Al 0/\ oﬂo] EH]—}J :q].x]_:,L (n=84)
oA oA PCN Al (n=41)3} H] A& (n=43) 3+
o] hs—CRP A& "l #4383tk PCNES Al 36k~ ¢
& o)A hs—CRPY] F3to] 0.15 (0.05-0.46) mg/dl
°]9 3 PCNE& AldHgt FollA= hs—CRPY T4 7kol
10.89 (3.23-21.69) mg/dl 24 EAA 7 F93 2
°] & B (p<0.001).
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o% A% 24 £
AzA $FANA Mad A3 e S5
Abol T hs—CRP = 9ol =494kt 9)
leukocyte endogenous mediator (LEM) £} prostaglandin
E19] =02 A XA A EY, HAE S AA
ASHSS 4ot 83 hs—CRPE 74l distol=
A A 6ARE Foll st 1 5 8~9AIgHT S H)

2 7k, Rk 24 A1 7o tHY | Biggi o' Aot
Al hs—CRP7} A Fio s A SsH= f43%

QiztEl =4 o Pulliam 5V % AoloA 3 hs—
CRPY 5 ¢7P WMo F29f AT HE R 4
AEE gosted d5 9r Sle AA L FE6H
U Aol Kim 592 SRS AE g 241 F o]
of AHE Mo hs—CRPY FL7} 2299 535

+

o o rr
do oY 1% oo 3L 2 >

|
N rr

Sensitivity

029

0.0

—— hsCRP
WBC
Referance

T T
0.0 0.2 04

1-Specificity

T T

0.6 0.8 1.0

Fig. 2. Receiver operating characteristic curves for prediction of APN in patients of urinary tract stone by hs-CRP and WBC
counts shows 0.820 (p<0.001, 95% Cl; 0.754-0.886), 0.631 (p<0.001, 95% CI; 0.542-0.721) of AUC, respectively.
APN: acute pyelonephritis, hs-CRP: high sensitive c-reactive protein, WBC: white blood cell, Cl: confidence interval,

AUC: areaunder curve
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Claessens 579 ¢J5H hs—CRP ¢] 9] % procalci—
tonin, mid—regional pro—atrial natriuretic peptide &<
Aes AL 22 794 A dig AP = F7te
A5 B7hE A8 2o = dvka AFEH AT 543 Als
Aol gt HYFA A SAAEA o]9} & AE BA
Z}%Oﬂ gt A% G o] Fojxjof & o7 Wl
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od"l -1 _i’__' R =1 LN 2N =
N el M o] FolA A 27F Aof Antslely] dsTh
=A% 5 7 O £9 hs—CRP7} & 95 2%l
A add F ols AARA 530 A5AAE B
= ek e gk s e Ydd 2%
A g A 27] 229} hs—CRPE 233 o2 7}
A als FRE] 34 APARI o2 AT HEF
FAE S H Eus & 5 At del grlE = 5
AT,
2 =2
SHARAE | SH5 o2 ydste] A Aashdgd
= TEl 22 AMe] A1 @ Azl FY Adealde
{75 53l hs—CRP7E 83 534 Azt
Ak whebA 2 A7k A dabshdsd o] Aldo] of
A SRRVl 88 AXo] gl @47 v
& A ofel 7 e MET 4], hs—CRP 4]
= Tkl F49 AAGE v Ssta AT 22
A4 AR nefFo s Ao 25 AT
d¥E Agshod Bie £ 5 s Ao® e
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