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Abstract

Background To develop and evaluate a predictive nomogram for polyuria during general anesthesia in thoracic
surgery.

Methods A retrospective study was designed and performed. The whole dataset was used to develop the predictive
nomogram and used a stepwise algorithm to screen variables. The stepwise algorithm was based on Akaike’s
information criterion (AIC). Multivariable logistic regression analysis was used to develop the nomogram. The receiver
operating characteristic (ROC) curve was used to evaluate the model's discrimination ability. The Hosmer-Lemeshow
(HL) test was performed to check if the model was well calibrated. Decision curve analysis (DCA) was performed

to measure the nomogram’s clinical usefulness and net benefits. P <0.05 was considered to indicate statistical
significance.

Results The sample included 529 subjects who had undergone thoracic surgery. Fentanyl use, gender, the difference
between mean arterial pressure at admission and before the operation, operation type, total amount of fluids

and blood products transfused, blood loss, vasopressor, and cisatracurium use were identified as predictors and
incorporated into the nomogram. The nomogram showed good discrimination ability on the receiver operating
characteristic curve (0.6937) and is well calibrated using the Hosmer-Lemeshow test. Decision curve analysis
demonstrated that the nomogram was clinically useful.

Conclusions Individualized and precise prediction of intraoperative polyuria allows for better anesthesia
management and early prevention optimization.

Keywords Polyuria predictive model, Nomogram, Receiver operating characteristic curve, Hosmer-Lemeshow test,
Decision curve analysis
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Background

As intraoperative hypotension is associated with
increased morbidity and mortality, perioperative moni-
toring and regulation of circulatory function is an impor-
tant task for the anesthesiologist [1]. As patients are
routinely instructed to abstain from eating and drinking
before surgery, intraoperative polyuria is a rare periop-
erative complication that can cause negative volume bal-
ance in patients. It can be secondary to drug therapy or
surgery and may cause significant hypovolemia and lead
to patient distress, intraoperative hypotension, electro-
lyte disturbances (particularly hypernatremia), circula-
tory collapse, and even death [2]. Anesthesiologists must
use large amounts of vasoactive drugs or infuse large vol-
umes of fluids intraoperatively to maintain the perfusion
of patients’ vital organs.

In adults, intraoperative polyuria is typically defined
as urine volume=>2.5 mL/kg/h according to a study [3]
or as 23 L/24 h or 240-50 mL/kg/24 h according to
several other studies [4—6]. Under intraoperative anes-
thesia, it is challenging for the anesthesiologist to detect
the patient’s symptoms. Many intermediate and major
surgeries have a long operative time with a long infusion
time of anesthetic drugs and large accumulation doses;
this may lead to massive loss of water and electrolytes in
the body and increased plasma osmolality, consequently
resulting in severe neurological symptoms, such as weak-
ness, lethargy, myalgias, and coma®. Acute increases in
serum sodium levels can cause cerebral dehydration,
potentially resulting into rupture of dural bridging veins,
cerebral hemorrhages, venous sinus thrombosis, cerebral
demyelination, and rhabdomyolysis [7]. There have been
case reports wherein the use of certain anesthetic drugs
was suspected to cause intraoperative polyuria, mainly
including dexmedetomidine [8-15], ketamine [16-19],
propofol [20-23], sevoflurane [24, 25], remifentanil [26],
and fentanyl [27]. A review paper published in the jour-
nal Anesthesia and Analgesia in 2021 reviewed 24 case
reports of intraoperative polyuria due to anesthetic drugs
and their possible mechanisms [2]. However, as the fac-
tors associated with intraoperative polyuria during gen-
eral anesthesia remain unclear, we wanted to identify
the factors influencing intraoperative polyuria, develop
a predictive model, and validate it in this retrospective
study.

Methods

Patient selection and study design

This retrospective study was aimed at establishing and
validating a predictive nomogram for polyuria. It was
conducted in Liaocheng People’s Hospital and reg-
istered with the Chinese Clinical Trial Registry (No.
ChiCTR2100053977). The study sample comprised
patients who underwent thoracic surgery in Liaocheng
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People’s Hospital between January 2020 and December
2020. This study was approved by Liaocheng People’s
Hospital Ethics Committee (Approval No. 2,021,185). All
methods were performed in accordance with the relevant
guidelines and regulations. All participants signed the
informed consent.

Inclusion criteria were as follows: patients with urine
volume records on the anesthesia sheet and patients aged
over 18 years scheduled to undergo thoracic surgery.

We excluded patients who underwent emergency oper-
ation, for whom re-operation was performed within 24 h.
We excluded patients with preoperative comorbid end-
stage renal disease (i.e., e6GFR<15 mL/min/1.73 m? or on
dialysis). Patients with preoperative central nervous sys-
tem diseases (e.g., pituitary tumors) were also excluded.
In addition, due to the different anesthesia record sheet
habits of each doctor and differences in medication
habits, some drugs were only used in very few patients
and therefore placed in the entire data set such drugs
have too many missing values and this sample will also
be excluded. Furthermore, as the waiting time for some
patients was long enough to influence the outcomes, we
excluded 5% if of the patients with the longest waiting
time (Fig. 1).

In this study, we defined polyuria as urine volume >2.5
mL/kg/h? in our study. According to the urine volume,
285/529 patients were assigned to the polyuria group and
244/529 patients to the control group.

Study predictors

We recorded several candidate predictors, including
demographic characteristics (gender, age, hypertension,
diabetes, coronary heart disease, smoking history, and
alcohol intake), preoperative biochemical examination
(serum creatinine level, hemoglobin level, and platelet
count), preoperative patient anxiety factors (waiting time,
the difference between MAP at admission and before
the operation, and the difference between heart rate at
admission and before the operation), surgery-related
factors [operation type (endoscopy surgery or open sur-
gery) and surgical position (supine position or prone
position)], anesthesia-related factors (fasting time, MAP
after anesthesia induction, and heart rate after anesthe-
sia induction), volume factors (total amount of fluids
and blood products transfused and blood loss), and the
anesthesia drug used [dexmedetomidine, vasopressor
(deoxyepinephrine and norepinephrine), fentanyl, cisa-
tracurium, and propofol use].

Statistical analysis

Our sample size was calculated ensuring at least 10 out-
come events per variable, and with there being 27 vari-
ables, we required more than 270 cases as per the events
per variable principle. With our sample size of 529 cases,
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Assess for eligibility (n=671)
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Fig. 1 Number of participants enrolled and divided into groups

this requirement was easily met and could yield robust
estimates. Collected data were collated in an Excel sheet
(Microsoft, Redmond, WA, USA). Statistical analyses
were performed using R version 4.2.1 and Stata ver-
sion 17.0. Variables like gender, hypertension, diabetes,
coronary heart disease, smoking history, alcohol intake,
operation type, surgical position, dexmedetomidine, and
vasopressor were categorical variables. In addition, vari-
ables including waiting time, age, serum creatinine level,
hemoglobin level, platelet count, the difference between
MAP at admission and before the operation, the dif-
ference between heart rate at admission and before the
operation, fasting time, total amount of fluids and blood
products transfused, blood loss, fentanyl use, cisatracu-
rium use, propofol use, MAP after anesthesia induction,
and heart rate after anesthesia induction were continu-
ous variables.

All variables were selected based on our clinical work
and case reports searched from PubMed. Wilcoxon rank
sum test was used for continuous variables. Pearson’s
Chi-squared test was used for categorical variables. After
selecting potential risk factors, we performed a univariate
analysis to select the variables. A statistical significance
level of 0.20 was used to select variables for the model
[28], and multivariable regression analysis was used to
identify variables with a statistical significance level of
<0.05 and incorporate them into the nomogram. The
whole dataset was used to develop the predictive nomo-
gram and used a stepwise algorithm to filter variables.
Although cisatracurium use was only borderline insignif-
icant (P=0.065), we incorporated it into the nomogram
according to the Akaike’s information criterion (AIC).
The AIC value for the final nomogram was minimized

with the fewest number of variables. A nomogram was
constructed using the “rms” R package. The receiver
operating characteristic (ROC) curve was used to evalu-
ate the model’s discrimination. The HL test was used to
verify the calibration of the model. Decision curve analy-
sis (DCA) was performed to assess the nomogram’s clini-
cal usefulness and net benefits.

Results

Clinical characteristics of patients

Among the 671 patients screened, 529 patients met the
inclusion criteria, and 285/529 patients were assigned
to the polyuria group and 244/529 to the control group.
Variables with P<0.2 were screened using univariate
analysis and considered statistically significant (Table 1).
Variables were screened for multifactorial regression
analysis in conjunction with clinical reality. P<0.05 was
considered to indicate statistical significance (Table 2).
These data were used to develop the nomogram predic-
tive model. Fentanyl [log(OR)=0.38, p=1.46, 95% CI
(0.22, 0.54), P<0.001] was identified as the most signifi-
cant risk factor for intraoperative polyuria, and with each
unit increase of fentanyl dosage administered, the prob-
ability of intraoperative polyuria was found to increase by
46%.

Building predictive models

The variables filtered out using the stepwise algo-
rithm and AIC were fentanyl use, gender, the difference
between MAP at admission and before the operation,
operation type, total amount of fluids and blood products
transfused, blood loss, vasopressor, and cisatracurium
use. These have been represented using a nomogram. The
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Table 1 Results of univariate analysis

Characteristics Overall, N=529’ 0, N=244' 1, N=285' Pvalue?
Urine (mL) 2.60(1.70, 4.00) 1.70(1.30, 2.10) 3.90(3.10, 5.20) <0.001
Waiting time (days) 5@3,7) 5@3,7) 5@3,7) 0.638
Gender <0.001
0 (Female) 222 (42%) 78 (32%) 144 (51%)

1 (Male) 307 (58%) 166 (68%) 141 (49%)

Age 62 (55, 68) 63 (55, 68) 62 (55,69) 0.521
HBP 0.834
0 (No) 358 (68%) 164 (67%) 194 (68%)

1 (Yes) 171 (32%) 80 (33%) 91 (32%)

CHD 0.563
0 (No) 479 (91%) 219 (90%) 260 (91%)

1 (Yes) 50 (9.5%) 25 (10%) 25 (8.8%)

DM 0.241
0 (No) 481 (91%) 218 (89%) 263 (92%)

1 (Yes) 48 (9.1%) 26 (11%) 22 (7.7%)

Cr (umol/L) 62 (53,70) 63 (54,72) 60 (53, 69) 0.041
PLT (x10°/L) 232 (196, 281) 223 (196, 276) 237 (197,283) 0.279
Hb (g/L) 133 (125, 144) 136 (126, 147) 131 (124, 140) <0.001
Smoking history 0.085
0 (No) 318 (60%) 137 (56%) 181 (64%)

1 (Yes) 211 (40%) 107 (44%) 104 (36%)

Alcohol intake 0.095
0 (No) 328 (62%) 142 (58%) 186 (65%)

1 (Yes) 201 (38%) 102 (42%) 99 (35%)

MAP” (mmHg) 5(-3,13) 3(-6,13) 6(-1,14) 0.005
HR™ (bpm) 2(-5,13) 2(-513) 3(-511) 0.942
Fasting time (h) 8(8,12) 8(8,12) 8(8,12) 0.731
Operation type 0.021
0 (Endoscopic surgery) 99 (19%) 56 (23%) 43 (15%)

1 (Open surgery) 430 (81%) 188 (77%) 242 (85%)

Surgical position 0.382
1 (Supine position) 52 (9.8%) 21 (8.6%) 31 (11%)

2 (Prone position) 477 (90%) 223 (91%) 254 (89%)

Total amount of fluids and blood products transfused (mL) 1,500 (1,000, 2,000) 1,500 (1,000, 2,000) 1,500 (1,000, 2,000) 0.548
Blood loss (mL) 100 (50, 100) 100 (50, 150) 50 (50, 100) 0.030
Dexmedetomidine 0.636
0 (No use) 69 (13%) 30 (12%) 39 (14%)

1 (Use) 460 (87%) 214 (88%) 246 (86%)

Vasopressor 0.248
0 (No use) 284 (54%) 121 (50%) 163 (57%)

1 (Use deoxyepinephrine) 161 (30%) 77 (32%) 84 (29%)

2 (Use norepinephrine) 73 (14%) 40 (16%) 33 (12%)

3 (Use both) 11(2.1%) 6 (2.5%) 5(1.8%)

Fentanyl use (ug/kg) 4.55(3.64,5.52) 4.29(3.37,5.15) 4.76 (3.92,5.83) <0.001
Cisatracurium use (mg/kg) 0.32(0.25, 0.40) 0.31(0.25, 0.40) 0.32(0.25,042) 0.406
Propofol use (mg/kg) 1.65 (1.00, 2.07) 1.60 (0.97, 2.00) 1.74(1.03,2.17) 0.029
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Table 1 (continued)
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Characteristics Overall, N=529’ 0, N=244' 1, N=285' Pvalue?
MAP after anesthesia induction (mmHg) 89 (80, 98) 89 (79, 98) 89 (80, 99) 0.456
HR after anesthesia induction (bpm) 73 (64, 84) 73 (63, 86) 73 (64, 82) 0.522

"'Median (IQR); n (%)
? Wilcoxon rank sum test; Pearson’s Chi-squared test

" the difference between MAP or HR at admission and before the operation

Continuous variables were expressed as median (IQR). Categorical variables were expressed as n (%)

Abbreviations: HBP, hypertension; CHD, coronary heart disease; DM, diabetes mellitus; Cr, creatinine; PLT, platelet; Hb, hemoglobin; MAP, mean arterial pressure; HR,

heart rate; IQR, interquartile range

Wilcoxon rank sum test was used for continuous variables. Pearson’s Chi-squared test was used for categorical variables. P<0.2 indicated the statistical significance

of the variable

Table 2 results of multifactorial analysis

Characteristics log(OR)'  95%CI' P
value
Fentanyl use (ug/kg) 038 0.22,0.54 <0.001
Waiting time (days) 0.00 -0.07,008 >09
Gender
0 (Female) — —
1 (Male) -0.86 -1.5,-0.24 0.007
Age -0.01 -0.03,0.02 0.6
HBP 0.06 -0.37,049 0.8
CHD -0.24 -091,044 0.5
DM -0.36 -1.0,0.31 03
Cr (umol/L) 0.01 -0.01,0.03 04
PLT (x10°/L) 0.00 0.00,0.00 04
Hb (g/L) -0.01 -0.02,0.01 03
Smoking history 0.34 -0.27,1.0 0.3
Alcohol intake 0.05 -0.53,0.62 0.9
MAP" (mmHg) 0.02 0.00,0.03 0.028
HR" (bpm) 0.00 -0.02,001 08
Fasting time (h) 0.00 -0.07,0.08 0.9
Operative style 0.50 -0.02,1.0 0.062
Surgical position -0.26 -0.93,0.38 0.4
Total amount of fluids and blood 0.00 0.00, 0.00 0.034
products transfused (mL)
Blood loss (mL) 0.00 0.00, 0.00 0.040
Dexmedetomidine -0.01 -0.58,055 >09
Vasopressor -0.26 -0.51,-0.01 0.045
Cisatracurium use (mg/kg) -20 -4.1,0.11 0.065
Propofol use (mg/kg) 0.07 -0.13,0.28 0.5
MAP after anesthesia induction 0.00 -0.02,002 >09
HR after anesthesia induction -0.01 -0.02,0.01 04

" OR=o0dds ratio, Cl=confidence interval
" the difference between MAP or HR at admission and before the operation

Abbreviations: HBP, hypertension; CHD, coronary heart disease; DM, diabetes
mellitus; Cr, creatinine; PLT, platelet; Hb, hemoglobin; MAP, mean arterial
pressure; HR, heart rate; OR, odds ratio; Cl, confidence interval

P<0.05 considered the variable statistically significant

predicted probability of developing intraoperative poly-
uria ranged from 11 to 91% (Fig. 2).

Differentiation efficiency of the model

The ROC curve is plotted in Fig. 3. The nomogram had
good discriminative power with the area an under the
ROC curve of 0.69.

Calibration efficiency of the model

The HL curve is shown in Fig. 4. The plot shows the rela-
tionship between predicted and observed values. The
line drawn along 45° indicates perfect calibration of the
model. The 10 sets of data are distributed above and
below the line. In Fig. 5, the 10 green circles represent
the 10 groups. The green vertical line represents the 95%
CI of these groups. The blue dashed lines represent the
ideal model reference values above and below which the
10 groups are distributed. This light blue line represents
a smooth-fitting line comprising 10 points. The red ver-
tical line at the bottom represents the distribution of all
samples, with 1 indicating the polyuria group sample and
0 indicating the control group sample. These two plots
indicate that this model is well calibrated.

Clinical decision analysis capabilities of the model

The DCA for the nomogram is presented in Fig. 6. We
performed DCA on our prediction model to assess the
net benefit to the patient. The X-axis represents thresh-
old probability, and the Y-axis represents the net benefit.
The findings reveal that the nomogram model has obvi-
ous net benefit for almost all threshold probabilities, par-
ticularly in threshold probabilities of 20-80%.

Discussion

expandIn this study, we established and validated
a predictive nomogram for polyuria during general
anesthesia in thoracic surgery. It shows good discrimi-
nation ability and is well calibrated. This will provide
useful guidance for subsequent anesthetic manage-
ment and prevention of intraoperative polyuria and
provide additional benefits for perioperative volume
management of patients.
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Fig. 2 The nomogram estimates the probability of intraoperative polyuria due to each risk factor. We identified the predictor points on the bottom
point scale that correspond to each patient variable and added them. The % corresponding to the total score represents the probability of intraoperative
polyuria occurring in that patient
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Fig. 3 The nomogram had good discriminative power with the area under the receiver operating characteristic curve of 0.6937
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Fig. 4 The HL curve was used to validate the calibration of the nomogram. The X-axis represents the predicted values. The Y-axis represents observed
values. In a well-calibrated nomogram, the scatter points should be arranged along the red 45° line
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represent the 10 groups. The green vertical line represents the 95% Cl of the group
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Fig. 6 Decision curve analysis for the nomogram. The Y-axis represents the net benefit. The green line represents the nomogram. The blue line represents
the assumption that all patients have polyuria. The red line represents the assumption that no patients have polyuria

expandThe results revealed fentanyl use, gender, the
difference between MAP at admission and before the
operation, operation type, total amount of fluids and
blood products transfused, blood loss, vasopressor,
and cisatracurium use as the predictors for polyuria in
thoracic surgery. This trial revealed fentanyl use as the
most important risk factor for intraoperative polyuria.
Therefore, we searched for mechanisms relating fen-
tanyl to intraoperative urine volume.

expandExisting literature on the association of fen-
tanyl with intraoperative urine volume suggests that
the underlying mechanism is associated with argi-
nine vasopressin (AVP) release. Lehtinen et al. [27]
suggested that inducing small-dose fentanyl anesthe-
sia leads to AVP release. This results in concentrated
urine and reduced urine volume, which can be antago-
nized by preoperative naloxone use [27]. Lange et al.
[29] found a significant increase in plasma antidiuretic
hormone (ADH) levels during coronary artery bypass
surgery in patients given fentanyl. High doses of alfen-
tanil and sufentanil allowed stable cardiovascular
kinetics during anesthesia, throughout the procedure
(including extracorporeal circulation), and at the end
of the procedure, blocking the increase in ADH and
GH levels [29]. Stanley et al. [30] reported that plasma
ADH levels during coronary surgery did not signifi-
cantly differ from pre-anesthesia levels for any fentanyl
dose. The authors concluded that high-dose fentanyl

anesthesia blocked the increase in plasma ADH lev-
els [30]. Fentanyl had no significant effect on plasma
ADH levels [30]. Kono et al. [31] found that in patients
undergoing coronary surgery, urinary osmolality and
urinary sodium concentration decreased and urine
volume increased after fentanyl infusion in the sec-
ond operative period; however, no significant change
in AVP levels was identified. The increased urine vol-
ume and decreased urinary sodium excretion during
fentanyl anesthesia also indicated hydronephrosis,
which was reflected by decreased urinary osmolality
[31]. They concluded that fentanyl can block the stress
response to surgery and that high-dose fentanyl had
no significant effect on the release of AVP [31]. Fur-
thermore, they showed that patients in the fentanyl
group had the lowest urinary sodium concentration
and significantly higher urine volume than patients in
other groups [31]. Conclusions on the associations of
fentanyl with AVP levels and intraoperative urine vol-
ume differ among various studies. Therefore, the exact
mechanism warrants further investigation. Due to the
high trauma of thoracic surgery, when analgesia is
inadequate, additional fentanyl dosage is typically used
to reduce the stress. This retrospective study showed
that the additional fentanyl dosage increased the intra-
operative urine output in patients. Ultrasound-guided
nerve blocks have become widely available in recent
years and can effectively reduce intraoperative and
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postoperative pain levels in patients undergoing gen-
eral anesthesia for thoracic surgery, resulting in less
fentanyl use. The present study suggests that adequate
preoperative nerve blocks can reduce the dosage of
intraoperative analgesic fentanyl and further reduce
the occurrence of intraoperative polyuria.
expandNext, upon exploring the occurrence of
intraoperative polyuria in both sexes separately, female
patients were found to have a greater propensity to
have intraoperative polyuria than male patients. The
vast majority of patients undergoing thoracic surgery
have lung or esophageal malignancies. Once diag-
nosed, patients are nervous, anxious, and even des-
perate, which affects their sleep and mood, and the
unfamiliar environment of the operating room aggra-
vates this mood. In addition, this emotion causes
preoperative sympathetic excitement. Owing to the
retrospective nature of this study, preoperative anxi-
ety level scores of patients could not be collected. The
blood pressure measured at the time of admission was
patients’ blood pressure when they were calm; most
of them were nervous and anxious when entering the
operating room, and the sympathetic tone decreased
when sedative, analgesic, or intravenous anesthetic
drugs were given. The difference between MAP at
admission and that before the operation can indicate
the patient’s preoperative mental tension and anxi-
ety. A higher MAP difference indicates higher preop-
erative nervousness. In the present study, excessive
preoperative stress and anxiety reduced sympathetic
tone in patients after anesthesia induction, resulting
in increased intraoperative urine volume. Increased
sympathetic tone causes constriction of the renal
arteries and decreased perfusion, consequently lead-
ing to decreased urine output. This suggests that a
certain amount of preoperative psychological support
and preoperative sedation are essential. In terms of
the operation type, fluid loss is lesser in endoscopic
surgery than in open surgery. Open surgery has more
evaporation and blood loss, whereas endoscopic sur-
gery allows retention of adequate blood volume and
more urine. These findings may explain the higher
likelihood of intraoperative polyuria in patients under-
going endoscopic surgery. Regarding the total intraop-
erative fluid intake, higher volumes of fluid infusion
translate into higher urine volume. Greater blood
loss during the operation is associated with a higher
risk of a hemorrhagic shock, and the redistribution
of body fluids may lead to a decreased urine output.
The gradual increase in AVP concentration is report-
edly related to the amount of blood loss but not to the
rate of blood loss [32]. The increase in AVP concentra-
tion may be caused by changes in left atrial pressure,
which decreases and causes a small decrease in blood
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volume; conversely, AVP concentration increases in
response to the small decrease in blood volume [32].
The mechanism may be caused by the small decrease
in blood volume stimulating an increase in renin
secretion, followed by stimulation of AVP release by
angiotensin II production [32]. The sensitivity of AVP
and the renin—angiotensin system to volume stimula-
tion suggests that volume stimulation is instrumental
in the normal physiological control of these two hor-
monal systems [32]. Johnson et al. reported that ele-
vated left atrial pressure reduces the release of plasma
ADH, resulting in significantly increased urine volume
[33]. This corroborates our finding that lesser intraop-
erative blood loss is associated with a higher probabil-
ity of intraoperative polyuria. The use of vasopressor
drugs will cause renal artery contraction and decrease
renal blood flow, whereas without the use of vasopres-
sor drugs, renal blood flow and urine volume increase.
The nomogram clearly shows that the probability of
intraoperative polyuria increases with decreases in
cisatracurium use. To our knowledge, there is cur-
rently no study on cisatracurium causing intraopera-
tive polyuria, and thus, further research is needed in
this regard.

expandIn previous studies, intraoperative polyuria
caused by dexmedetomidine use has been reported in
many cases; however, in our trial, dexmedetomidine
use did not influence the occurrence of intraopera-
tive polyuria during thoracic general anesthesia sur-
gery. Dexmedetomidine is an a-agonist that blocks
the release of AVP and theoretically causes intraop-
erative polyuria [34]. The reasons for this may be the
following. First, dexmedetomidine often significantly
increases the heart rate, and thus, we use it in small
doses and stop the infusion immediately when the
patient develops sinus bradycardia; therefore, the dose
of dexmedetomidine used intraoperatively is perhaps
too small to cause intraoperative polyuria. Second,
dexmedetomidine was administered by intraoperative
pumping, and we could record an exact dose; there-
fore, a dichotomous variable was used to represent it.
If we could record an exact dose as a continuous vari-
able in the follow-up study, the results may have been
different. In our study, all patients undergoing general
anesthesia were continuously pumped with remifent-
anil and given sevoflurane via the inhalational route,
and the total amount could not be recorded accurately
but only as a dichotomous variable, and this may have
influenced the results. Ketamine and propofol were
also found to cause intraoperative polyuria in some
patients in this study and were recorded as continuous
variables, but no meaningful results were obtained in
this regard. We also speculate the presence of drug—
drug interactions, which remain to be explored in
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further clinical and basic studies. To our knowledge,
this is the first time that a nomogram has been drawn
for intraoperative polyuria in thoracic general anesthe-
sia to easily calculate the risk for different individuals.

expandOur study has some limitations. First, since
it was a retrospective study, many data were miss-
ing or unavailable, resulting in the exclusion of many
samples. Second, we could not include more samples
and more operation styles due to time and manpower
constraints. Therefore, our model has limited poten-
tial for generalization and extrapolation. Third, there
was some bias in defining and selecting candidate
variables. Fourth, dexmedetomidine and vasopressors
are administered using a micropump, which does not
allow for recording their detailed doses, and there-
fore, unlike some drugs like fentanyl, they can only be
recorded as dichotomous variables and not as a contin-
uous variable; this may have an impact on the results.
This suggests that our future clinical work needs to
be more detailed and rigorous. Finally, the nature of
retrospective studies may introduce bias and limit
the establishment of causality. In the future, we need
prospective studies as external validation to provide
stronger evidence. However, taken together, although
the nomogram has some limitations, it also can conve-
niently be a useful tool for predicting the probability of
intraoperative polyuria in patients undergoing thoracic
surgery. Owing to the traumatic nature of thoracic sur-
gery, when analgesia is inadequate, the stress response
is often reduced by additional fentanyl dosage. This
retrospective study showed that the increase in fen-
tanyl dosage increased the intraoperative urine output
in patients. Owing to the widespread development of
ultrasound-guided nerve block, thoracic paravertebral
block and erector spinae block play an important role
in analgesia for thoracic surgery. Findings of this study
suggest that adequate preoperative nerve block can
reduce the required dosage of intraoperative analgesic
fentanyl and further reduce the occurrence of intraop-
erative polyuria. The application of preoperative seda-
tive drugs can reduce the patient’s nervousness and
anxiety and help reduce the incidence of intraoperative
polyuria. Therefore, the use of preoperative sedative
drugs is necessary. A restrictive infusion strategy also
helps reduce the incidence of intraoperative polyuria.
These are some of the avenues suggested by this trial
for anesthesia management.

Conclusions

Fentanyl, gender, the difference between MAP at admis-
sion and before the operation, operation type, total
amount of fluids and blood products transfused, blood
loss, vasopressor, and cisatracurium use were identified
as predictors of intraoperative polyuria and incorporated
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into the nomogram. The nomogram shows good dis-
crimination ability on the ROC curve and is well cali-
brated using the HL test. Decision curve analysis findings
upheld the clinical usefulness of the nomogram. Individ-
ualized and precise prediction of intraoperative polyuria
allows for better anesthesia management and early pre-
vention optimization.
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