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Albumin-globulin ratio: a novel predictor of sepsis after flexible
ureteroscopy in patients with solitary proximal ureteral stones
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Background: To identify predictors of sepsis after flexible ureteroscopy (fURS) in patients with unilateral,
solitary, proximal ureteral stones and evaluate the association between albumin-globulin ratio (AGR) and
sepsis.

Methods: Overall, 759 patients who underwent fURS were retrospectively enrolled. Univariate and
multivariate logistic regression analyses were performed to identify predictors of sepsis after f{URS in patients
with solitary proximal ureteral stones. Then A nomogram was generated using the predictors.

Results: Sepsis occurred in 43 patients (5.7%), and 6 (0.8%) of them developed septic shock. Univariate
analysis showed that age, female sex, albumin concentration, globulin concentration, AGR, pre-operative
fever, white blood cell (WBC) count, urine culture (UC) result, urine WBC count, and urine nitrite result
were predictors of sepsis. Multivariate analysis identified AGR <1.2 [odds ratio (OR) =2.810, 95% confidence
interval (CI): 1.245-6.342, P=0.013] and positive UC (OR =10.520, 95% CI: 4.489-24.653, P<0.001) as
independent predictors. When AGR <1.2 and positive UC were combined, area under the receiver operator
characteristic curve was 0.825. Then patients were categorized by different AGR level (“>1.4”, “1.2-1.4”,
“1.0-1.27, “<1.0”), and corresponding sepsis rates were 27.7%, 9.8%, 4.5% and 2.5%.

Conclusions: Positive UC and low AGR were independent predictors of post-fURS sepsis. Cautious
pre-operative evaluation and optimized treatment strategy should be considered to minimize infectious

complications.
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Introduction

Flexible ureteroscopy (fURS) is recommended as first-line
treatment for proximal ureteral stones <20 mm because
of its relatively high stone free rate and low complication
rate (1,2). Post-operative sepsis is the primary lethal
complication with an incidence of 0.3-7.4%, and it can lead
to septic shock, organ failure, and death (3,4).

Predictors are extensively identified to better understand
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post-fURS sepsis, and they include stone height, stent
indwelling time, and positive urine culture (UC) (5,6).
Most studies focused on urinary tract disorders: abnormal
anatomy, stone characteristics or urinary tract infection (5-8).
However, except for the condition of the urinary system,
the systemic condition of patients is often underestimated
with regard to post-fURS infections. Serum albumin

concentration <35 g/L reportedly increases the risk of
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infection after orthopedic surgery by 2.5 times, and it is
considered a malnutrition marker (9). Low serum albumin
concentration can also predict infectious complications
after cardiac surgery and oncologic surgery (10,11).
Globulin is an acute phase protein in host inflammatory
immune response, and its concentration increases shortly
after pathogen and toxin invasion (12). High globulin
concentration indicates recent defensive response to
infection. In this case, the operation may lead to the spread
of inflammation. Albumin-globulin ratio (AGR) is a likely
predictor of post-operative sepsis, but this has not been
practically determined.

In this study, we aimed to identify the pre-operative
independent predictors for sepsis in patients with solitary
proximal ureteral stones who underwent fURS. The
sepsis predictor profile will be clarified by both urinary
and systemic condition. We present the following article
in accordance with the STROBE reporting checklist (13)
(available at http://dx.doi.org/10.21037/tau-20-823).

Methods

All procedures performed in this study were in accordance
with the Declaration of Helsinki (as revised in 2013) and
approved by the institutional research committee (Tongji
Medical College, Huazhong University of Science and
Technology, 2019#S1035). Because of the retrospective
nature of the research, the requirement for informed
consent was waived. From January 2012 to December 2018,
759 patients who met the following inclusion criteria were
enrolled: (I) history of fURS to treat unilateral, solitary,
and proximal ureteral stones; (II) age >18 years. The
exclusion criteria were anatomical renal abnormalities such
as transplant kidney, solitary kidney, horseshoe kidney, and
kidney duplication.

Post-operative sepsis as defined by the 2001 International
Sepsis Definitions Conference is the concurrence of
infection and at least 2 of the following 4 criteria within 48
hours of surgery: (I) body temperature >38 °C; (II) heart
rate >90/minute; (III) respiratory rate >20/minute; and (IV)
leukocyte count <4,000 or >12,000 cells/pL (14). Septic
shock was defined as sepsis with persistent systolic arterial
pressure <90 mmHg or systolic blood pressure reduction
of >40 mmHg from baseline (14). The initial cutoff value
of AGR was set at 1.2 based on the Youden index of the
receiver operating characteristic (ROC) curves, which
showed the highest sensitivity and specificity.

Proximal ureteral stones were confirmed by abdominal
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computed tomography, which was located above the fourth
lumbar spine or in the ureteropelvic junction. Blood sample
for liver function (including albumin and globulin) was
routinely collected and analyzed after an overnight fast
before surgery. Patients with indicators of infection, such
as positive UC, fever, and leukocytosis, received at least a
full antibiotic regimen (second-generation cephalosporins
or levofloxacin) for 7 days until these infection indicators
turned negative. Patients with no indicators of infection
were administered a dose of prophylactic antibiotics. All
the surgeries were performed by experienced urologists.
If a double-] stent was inserted pre-operatively, it was
removed at the beginning of surgery. Rigid ureteroscopy
was routinely used for ureteral dilatation before fURS. A
0.035 mm guidewire was advanced through the urethral
and ureteral meatuses to the renal pelvis under direct rigid
ureteroscope vision. A 14-Fr ureteral access sheath (Cook
Medical, Bloomington, IN) was then passed over the wire
to the ureteropelvic junction, and 7.5-Fr fURS (Flex-X2,
Karl Storz, Germany) was performed through the sheath.
Intrarenal pressure was stabilized by a pressure-sensitive
pump (Shenda Medical, China). Holmium: yttrium-
aluminum-garnet laser was used to fragment the stones.
After lithotripsy, 6-Fr double-] stent was routinely inserted
in all cases for 2 weeks.

The primary outcome was post-operative sepsis within
48 hours of surgery. Potential predictors were collected
from our hospital’s database, and they included the
following: patient age and sex, body mass index (BMI),
presence of comorbidities (hypertension, coronary
heart disease, and diabetes mellitus), stone height, prior
indwelling stent, hydronephrosis, cholesterol and creatinine
concentrations, serum albumin and globulin concentrations,
pre-operative fever (defined as body temperature >38 °C),
white blood cell (WBC) count, pre-operative UC, urine
nitrite concentration, and urine WBC count (positive result
refers to urine WBC >50/pL in urine sediment analysis). All
the factors closed to surgery were obtained. If the patients
had preoperative infection, the infectious index (fever, UC,
urine test, and urine WBC) in the infectious episode were
recorded.

Statistical analysis

Statistical analysis was performed using version 24.0 of
the Statistical Package for Social Sciences software. The
continuous variables had normal distributions as determined
using Kolmogorov-Smirnov test, and they were compared
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Figure 1 Patient selection flow diagram.

using Student’s #-test. The chi-square test or Fisher’s exact
test was used to detect differences between categorical
variables. Multivariate logistic regression analysis was used
to identify independent predictors of post-operative sepsis.
Bar diagrams and a nomogram prediction model for post-
operative sepsis were created. Area under curve (AUC) was
calculated from ROC curves to evaluate the superiority of
these independent predictive factors of sepsis. Two-tailed P
values <0.05 were considered statistically significant for all
tests.

Results
Independent predictors of sepsis after fURS

Out of 3934 patients with ureteral stones, 759 underwent
fURS and were selected (Figure 1). Of these 759 patients,
43 (5.67%) developed sepsis and 6 (0.79%) developed septic
shock after fURS.

Patient characteristics and univariate analysis are
presented in 7ible 1. There was a significant difference in
age between patients who developed sepsis and patients who
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did not develop sepsis (52.7+12.1 versus 48.5+13.3 years).
The percentage of women was significantly higher in
patients who developed sepsis than in patients who did
not develop sepsis (P<0.05). Patients who developed
sepsis also had albumin concentrations <35 g/L, globulin
concentrations >30 g/L, AGR <1.2, pre-operative fever,
WBC count >10,000 cells/pL, pre-operative positive UC,
positive urine WBC, and positive urine nitrite. Factors
with no significant effect on sepsis include BMI, operation
time, stone height, stone laterality, indwelling catheter,
hydronephrosis, hypertension, coronary heart disease,
diabetes mellitus, cholesterol level, creatinine level, and
ASA score.

Multivariate logistic analysis showed that AGR <1.2 and
positive UC were independent predictors of sepsis with
odds ratios (ORs) of 2.810 and 10.520 respectively (Tuble 2).
Based on the predictors, the patients were classified into the
following groups: positive UC with AGR <1.2, positive UC
with AGR >1.2, negative UC with AGR >1.2, and negative
UC with AGR <1.2 (Figure 2). The corresponding sepsis
rates of the 4 groups were 51.6%, 23.8%, 7.0%, and 1.6%.
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Table 1 Patients characteristics and univariate analysis of predictors for post-operative sepsis after flexible ureteroscopy
Variable Sepsis (n=43) Non-sepsis (n=716) P value
Age (yr), mean (SD) 52.7 (12.1) 48.5 (13.3) 0.043
BMI (kg/m?), mean (SD) 24.0 (3.2) 24.3 (3.3 0.497
Operation time (min), mean (SD) 75.6 (25.9) 71.7 (27.8) 0.365
Sex, n (%) <0.001
Male 16 (3.2) 483 (96.8)
Female 27 (10.4) 233 (89.6)
Stone height, n (%) 0.202
<10 mm 15 (4.5) 321 (95.5)
>10 mm 28 (6.6) 395 (93.4)
Stone laterality, n (%) 0.083
Left 16 (7.1) 364 (92.9)
Right 27 (4.2) 352 (95.8)
Indwelling stent, n (%) 0.056
Yes 6 (12.0) 44 (88.0)
No 37 (5.2) 672 (94.8)
Hydronephrosis, n (%) 0.506
Yes 1.2 44 (97.8)
No 42 (5.9) 672 (94.1)
Hypertension, n (%) 0.485
Yes 11(6.8) 151 (93.2)
No 32 (5.4) 565 (94.6)
Coronary heart disease, n (%) 1.000
Yes 0 (0) 11 (100)
No 43 (5.7) 705 (94.3)
Diabetes, n (%) 0.513
Yes 3(4.8) 60 (95.2)
No 40 (5.7) 656 (94.3)
Serum cholesterol, n (%) 0.423
<5.17 mmol/L 38 (5.6) 646 (94.4)
>5.17 mmol/L 5(6.7) 70 (93.3)
Serum creatinine, n (%) 0.670
<133 pmol/L 35 (5.5) 601 (94.5)
>133 pmol/L 8 (6.5) 115 (93.5)

Table 1 (continued)

© Translational Andrology and Urology. All rights reserved.

Transl Androl Urol 2020;9(5):1980-1989 | http://dx.doi.org/10.21037/tau-20-823



1984

Table 1 (continued)
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Variable Sepsis (n=43) Non-sepsis (n=716) P value

Albumin, n (%) 0.001
<35 g/L 12 (15.6) 65 (84.4)
>35 g/L 31 (4.5) 651 (95.5)

Globulin, n (%) 0.002
<30 g/L 18 (3.7) 465 (96.3)
>30 g/L 25 (9.1) 251 (90.9)

AGR, n (%) <0.001
<1.2 24 (15.1) 135 (84.9)
>1.2 19 (3.2) 581 (96.8)

Pre-operative fever, n (%) 0.001
Yes 8(21.1) 30 (78.9)
No 35 (4.9) 686 (95.1)

WBC, n (%) 0.005
<10,000 cells/pL 33 (4.8) 654 (95.2)
>10,000 cells/pL 10 (13.9) 62 (86.1)

Urine culture, n (%) <0.001
Positive 25(34.2) 48 (65.8)
Negative 18 (2.6) 668 (97.4)

Urine WBC, n (%) <0.001
Positive 31(9.1) 309 (90.9)
Negative 12 (2.9) 407 (97.1)

Urine nitrite, n (%) <0.001
Positive 13 (37.1) 22 (62.9)
Negative 30 (4.1) 694 (95.9)

BMI, body mass index; SD, standard deviation; AGR, albumin globulin ratio; WBC, white blood cell.

Patients with positive UC and AGR <1.2 had a 23.4-fold
risk of developing sepsis than the other patients [OR: 23.4,
95% confidence interval (CI): 10.5-52.1; P<0.001].

Six patients developed post-operative septic shock and
their clinical characteristics are shown in 7able 3. Their
mean AGR was 1.11 and 66.7% of them had positive
UC. In contrast, 58.1% of patients who developed sepsis
had positive UCs and a mean AGR of 1.16, and the
corresponding values for patients who did not develop sepsis
were 6.7% and 1.42. A similar trend was also observed with
female sex, pre-operative fever, hypertension, indwelling
stent, hydronephrosis, WBC count, urine WBC count, and
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urine nitrite concentration.

Predictor evaluation and prediction model creation

The combined predictor was calculated based on a prior
multivariate analysis. The AUC values for the combined
factor, positive UC, and AGR were 0.825, 0.757, and 0.685
respectively (Figure 3). Further analysis was conducted,
which divided AGR into 4 categories and determined
the sepsis rate at different AGR levels. The sepsis rates
were 27.7%, 9.8%, 4.5%, and 2.5% at AGR values <1.0,
1.0-1.2, 1.2-1.4, and >1.4 respectively (Figure 4A4). Thus, a
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Table 2 Multivariate logistic regression analysis of predictors of sepsis after flexible ureteroscopy

Variables B OR 95% ClI P value
Age <0.001 0.014 1.000 0.972-1.029 0.983
Female 0.435 0.388 1.545 0.723-3.302 0.262
Stone height =10 mm 0.542 0.385 1.720 0.809-3.656 0.159
Diabetes -0.246 0.731 0.782 0.187-3.276 0.736
Hydronephrosis -0.821 1.109 0.440 0.050-3.864 0.459
Indwelling stent 0.806 0.544 2.240 0.772-6.499 0.138
AGR <1.2 1.033 0.415 2.810 1.245-6.342 0.013
Fever 0.109 0.559 1.116 0.373-3.336 0.845
WBC >10,000 cells/pL 0.961 0.501 2.614 0.980-6.974 0.055
Positive urine culture 2.353 0.435 10.520 4.489-24.653 <0.001
Positive urine WBC 0.068 0.433 1.071 0.458-2.503 0.875
Positive urine nitrite 0.824 0.532 2.279 0.804-6.460 0.121

AGR, albumin globulin ratio; WBC, white blood cell; B, regression coefficient; SE, standard error; OR, odds ratio; Cl, confidence interval.

Risk stratification

0.8 - .
1
- 0.6 I . A ®m positive UC, AGR <1.2
% B Em positive UC, AGR 1.2
© 0.4 - C negative UC, AGR <1.2.
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o) 1
n
0.2 -
o
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Figure 2 Sepsis rate for different patient group stratified by UC and AGR. *P<0.05; **P<0.01; **P<0.001. UC, urine culture; AGR, albumin

globulin ratio.

nomogram prediction model was constructed to calculate
the cumulative probability of post-operative sepsis. Points
were obtained for a variable by tracing a line upwards from
the variable axis, and another line is traced downwards to
the total points axis, which sums up all the points on the
sepsis axis, and the cumulative probability of post-operative
sepsis is thereby determined (Figure 4B).

Discussion

Sepsis after fURS is a life-threatening complication that
substantially increases hospital stay, mortality risk, and

© Translational Andrology and Urology. All rights reserved.

economic burden on patients and the nation (3). We found
that the sepsis rate after using fURS to treat patients
with proximal ureteral stones was 5.67%. Our result was
consistent with those of earlier studies (4,15). Among all the
pre-operative predictors, positive UC and AGR <1.2 were
identified as independent predictors.

Patients with positive UC, despite administration of
a full course of antibiotics and conversion to a negative
result, had a 10.52-fold risk of sepsis after fURS, which
is similar to the findings of a previous study. Uchida (7)
and Blackmur (4) reported that positive bladder UC is an

independent predictor of infectious complications that
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Table 3 Characteristics of 6 patients with post-fURS septic shock (patient named by A to F)

Variable A B C D E F Percentage or mean Sepsis Non-sepsis
Patient number - - - - - - 6 43 716
Age (yr) 50 28 75 49 51 49 50.3 52.7 48.5
Female Y Y N N Y Y 66.7% 62.8% 32.5%
BMI (kg/m?) 22.6 25.0 28.9 23.5 21.8 20.0 23.6 24.0 24.3
Stone height (mm) 8 17 10 10 8 11 10.7 11.2 10.1
Right side stone Y N Y N Y Y 66.7% 37.2% 50.8%
Preoperative fever N N N Y N Y 33.3% 18.6% 4.2%
Hypertension N N Y N N Y 33.3% 25.6% 21.1%
Coronary heart disease N N N N N N 0% 0% 1.5%
Diabetes N N N N N N 0% 7% 8.4%
Indwelling stent Y N N N N N 16.7% 14.0% 6.1%
Hydronephrosis N N N N N N 0% 2.3% 6.1%
WBC >10,000 cells/pL N N N Y N Y 33.3% 23.3% 8.7%
Serum cholesterol (mmol/L) 4.84 4.83 1.55 4.09 3.64 4.21 3.86 4.24 414
Serum creatinine (umol/L) 63 58 174 147 130 82 109 116.72 111.73
Albumin, g/L 40.7 40.6 27.5 36 37.2 30.1 35.35 36.42 40.13
Globulin, g/L 31.2 26.1 32.4 32.1 31.2 48.6 33.60 32.40 28.81
AGR 1.30 1.56 0.85 1.12 1.19 0.62 1.1 1.16 1.42
Urine culture Pos Pos Neg Pos Pos Neg 66.7% 58.1% 6.7%
Urine WBC Pos Pos Pos Pos Pos Neg 83.3% 72.1% 43.2%
Urine nitrite Neg Pos Neg Neg Pos Neg 33.3% 30.2% 3.1%
Operation time (min) 72 70 51 80 80 65 69.7 75.6 7.7

fURS, flexible ureteroscopy; BMI, body mass index; WBC, white blood cell; AGR, albumin

increases risk 3.52-4.88 times. This may be because high
intrarenal pressure during fURS promotes invasion of blood
circulation by local pathogens and toxins. Nevertheless,
when stone culture (8), stent culture (15) or pelvic UC (16)
was analyzed with bladder UC in multivariate analysis, no
significant differences were found between bladder UC and
post-fURS infection, but sepsis rate increased significantly
with positive stone culture, stent culture, or pelvic UC. The
results highlight the key role of the microbial environment
of the kidney, bladder, and stone in the development of
infection. However, samples cannot be obtained pre-
operatively from the kidney, stone, or stent, and this limits
the determination of the role of the microbial environment
in early prediction and prevention. Mid-stream bladder UC

© Translational Andrology and Urology. All rights reserved.

is still a recognized optimal predictor that can be acquired
early.

This study also revealed that low AGR (<1.2) leads to a
2.81-fold increase in the risk of post-fURS sepsis. Low AGR
is mainly used as a predictor of cancer progress and cancer-
related mortality due to its reflection of the state of human
nutrition, inflammation, and immunity (17). Nutritional
state is an important aspect of the pre-operative state, and
it includes weight, BMI, and serum albumin concentration.
Rapp-Kesek (10) investigated 886 patients who underwent
cardiac surgery and found that albumin concentration has a
negative correlation with post-operative infection (OR =0.04)
but not with mortality. Albumin can play an indirect role
in immunity by supplying nitrogen for globulin synthesis,
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by acting as a protective colloid to stabilize lyophobic
proteins by surrounding them and by enabling globulin
to clear pathogens and toxins. A meta-analysis confirmed
that albumin concentration can predict infection after

orthopedic surgery by showing that albumin concentrations

ROC curve
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——Combined
——Urine culture
AGR <1.2
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Diagonal segments are produced by ties

Figure 3 Receiver operator characteristic (ROC) curves for urine
culture, AGR <1.2 and combined predictor. (Area under curve:
0.757 for urine culture, 0.685 for AGR <1.2, 0.825 for combined
predictor). AGR, albumin globulin ratio.
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1987

<35 g/L increases the risk of post-operative infection
2.39 times (9). In urinary stone surgery, Yang er al. (18)
identified the risk factors of infectious complications after
PCNL. They found that low albumin concentration, as
well as stone size and urine WBC, was associated with
post-PCNL fever. Studies on the relationship between
serum globulin concentration and post-operative
infection are scarce. In the early phase of infection, serum
immunoglobulin level rapidly rises and presents as elevated
globulin concentration (12,19). Endourological surgery
may facilitate backflow of pathogens and toxins, leading
to spread of infection. In this study, univariate analysis
revealed a significant association between high globulin
concentration (>30 g/L), low albumin concentration
(<35 g/L), and post-fURS sepsis. After the creation of a
multivariate model, it was found that AGR is independently
associated with sepsis. Considering that AGR can infer
systemic state from nutritional state, inflammation, and
immune state, we posit that AGR is a predictor of infection
after endourological surgeries and infection-prone surgeries
and time-consuming surgeries.

Interestingly, of the 6 patients with septic shock, 4 had
positive pre-operative UC and 2 had negative pre-operative
UC with very low AGRs of 0.85 and 0.62. The patient with
an AGR of 0.85 was 75 years old and had a serum albumin
concentration of 27.5 g/L, showing a poor nutritional
state. The patient with an AGR of 0.62 had pre-operative
fever, leukocytosis, and a serum globulin concentration of
48.6 g/L, indicating an episode of apparent infection. In

0 10 20 30 40 50 60 70 80 90 100

0 20 40 60 80 100 120 140 160 180 200

0.1 02 0.3 04 0506 0.7

Figure 4 (A) Categorized albumin globulin ratio (AGR) and corresponding sepsis rate; (B) Nomogram for patients predicting post-operative

sepsis. “1” refers to positive and “0” refers to negative. AGR: “1” to “4” refers to “>1.4”, “1.2-1.4”, “1.0-1.2”, “<1.0” respectively. **P<0.01;

***P<0.001. UC, urine culture.
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analyzing the categories of AGR, it was found that sepsis
rate is higher when AGR is lower. The results reemphasized
the importance of UC and AGR.

There are many studies on infectious risk factors of
endourological procedures, which are divided into pre-
, intra-, and post-procedure risk factors. However, most
studies focused on the factor itself. A “good” factor should
have high sensitivity and specificity, and it should guide
early evaluation and intervention to “nip it in the bud”.
Based on large-population evidence, we proposed a urologic
predictor (positive UC) and a systemic predictor (low AGR)
of post-fURS sepsis. New devices that reduce intrarenal
pressure or improve irrigation may produce similar results,
and these require further research.

The main limitation of this study is its retrospective
nature. Patient information was retrieved from the medical
records system of a tertiary hospital. We did not analyze
stone imaging data in detail because some imaging results
were obtained from other hospitals. This is the first
study on solitary proximal ureteral stones and infectious
complications in a large number of patients. Stone location,
size, and burden were within a narrow range, which may
have a similarly narrow range of effects on sepsis. In this
study, we only enrolled patients with proximal ureteral
stone instead of other stone types (renal stone or distal
ureteral stone). Proximal ureteral stones are relatively
uniform in size, location, and burden, while renal stones
are heterogeneous that may have an influence on sepsis rate
after fURS.

Conclusions

Patients with solitary proximal ureteral stones are more
likely to have post-fURS sepsis when they have positive
pre-operative UC or low pre-operative AGR. With the
categorization of AGR, it was evident that the lower the
AGR, the higher the sepsis rate. Early evaluation of patient
urologic and systemic states can be useful in treatment
strategy optimization. Attention should be paid to the
nutritional and inflammatory state of patients. Further
studies are necessary to better understand and prevent
infectious complications after urinary stone surgery.
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