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Abstract 

Background: Evidence regarding the relationship between preoperative platelet and 30-day postoperative mortality 
of intracranial tumor patients undergoing craniotomy is still limited. Therefore, the present research was conducted to 
explore the link of the platelet and 30-day postoperative mortality.

Methods: Electronic medical records of 18,642 adult patients undergoing craniotomy for brain tumors from 2012 to 
2015 in the American College of Surgeons National Surgical Quality Improvement Program, were subject to sec-
ondary retrospective analysis. A binary logistic regression model evaluated the independent association between 
preoperative platelet and 30-day postoperative mortality. A generalized additive model and smooth curve fitting was 
conducted to explore the exact shape of the curve between them. Additionally, We also conducted sensitivity analy-
ses to test the robustness of the results, and performed subgroup analyses.

Results: Eighteen thousand sixty-three patients were included in this study analysis. Of these, 47.49% were male. The 
mean preoperative platelet value was (244.12 ± 76.77) ×  109/L. The 30-day postoperative mortality of included partici-
pants was 2.5% (452/18,063). After adjusting covariates, the results showed that preoperative platelet was positively 
associated with 30-day postoperative mortality (OR = 0.999, 95%CI: 0.997, 1.000). There was also a nonlinear relation-
ship between preoperative platelet and 30-day postoperative mortality, and the inflection point of the platelet was 
236. The effect sizes (OR) on the right and left sides of the inflection point were 1.002 (1.000, 1.004) and 0.993 (0.990, 
0.995), respectively. And sensitive analysis demonstrated the robustness of the results. Subgroup analysis showed a 
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stronger association between preoperative platelet and 30-day postoperative mortality in non-emergency surgery 
patients when preoperative platelet value is less than 235 ×  109/L.

Conclusions: This research demonstrates a positive and non-linear relationship between preoperative platelet and 
30-day postoperative mortality in U.S. adult brain tumor patients undergoing craniotomy. Preoperative platelet is 
strongly related to 30-day postoperative mortality when the platelet is less than 235 ×  109/L. Proper preoperative 
management of platelet and maintenance of platelet near inflection point (235) could reduce risk of 30-day postop-
erative mortality in these cases.

Keywords: Platelet, Brain tumor, Craniotomy, Mortality, Non-linear

Background
Craniotomies for brain tumor resections are common 
neurological procedures. However, craniotomies for 
brain tumors carry significant risks of adverse events, 
including postoperative death. Patient postoperative 
30-day mortality (also called 30-day postoperative mor-
tality), a meaningful indicator of perioperative outcome, 
is defined as death within 30 days after surgery. It is not 
only the adjustment for patient characteristics and sur-
geon fixed effects, but also an effective evaluation of 
access to safety of the anesthesia and operation [1, 2]. 
Previous studies reported that 30-day postoperative mor-
tality varied from 0.95 to 8.62% [1, 3]. The 30-day post-
operative mortality were 1.4–2.7% after craniotomy for 
intracranial tumors in children [4] and 2.46% in the cra-
niotomy for brain tumors in adults cohort [5].

Platelets (PLT), continuously produced from mega-
karyocytes mainly in the bone marrow, are implicated 
not only in thrombosis and haemostasis, but also in 
other pathophysiological and physiological processes [6]. 
Thrombocytopenia was defined as a PLT count of less 
than 100 ×  109/L and thrombocytosis was defined as a 
PLT count of more than 300 ×  109/L [7, 8]. Accumulat-
ing studies have shown that preoperative PLT count is 
a prognostic indicator in all kinds of cancer surgeries 
[9], including colorectal cancer [10], esophageal squa-
mous cell carcinoma [11], non-small cell lung cancer 
[12], gynecological tumor [13], hepatocellular carcinoma 
[14], head and neck squamous cell carcinoma [15], and 
primary gallbladder cancer [16]. Lower PLT count was 
associated with increase the risk of bleeding in cancer 
patients [17] and mortality and reoperation after cra-
niotomy for tumor [18]. High PLT count associated 
with venous thromboembolism in cancer patients [19, 
20]. Brain tumor patients have a 20–30% risk of venous 
thromboembolism, with treatment complicated by risk of 
cerebral hemorrhage [21]. Thus it is important to clarify 
the potential association between preoperative PLT level 
and the prognosis of patients with brain tumor.

There are limited data regarding the association of pre-
operative PLT levels and outcomes in patients undergo-
ing craniotomies. Preoperative PLT-to-lymphocyte ratio 

(PLR) was predictive of patient survival in the glioblas-
tomas (GBM) [22]. In addition, Dasenbrock HH, et  al. 
maintained that preoperative moderate (a PLT count of 
100,000-124,000/μL) and severe (a PLT count of 75,000-
99,000/μL) thrombocytopenia were associated with 
mortality and reoperation after craniotomy for tumor 
in the National Surgical Quality Improvement Program 
(NSQIP) analysis [18]. Their study reported an associa-
tion between preoperative thrombocytopenia and 30-day 
postoperative mortality in patients who underwent cra-
niotomy for tumors. To date, no studies have explored 
the possibility of a nonlinear relationship or performed 
subgroup analyses between preoperative PLT and post-
operative 30-day mortality. Thus, the present research 
was designed to explore the relationship between them in 
cross-sectional study data from a large in U.S. adult brain 
tumor population. This study could provide guidance for 
clinical practice by elucidating the quantitative relation-
ship between preoperative PLT and 30-day postoperative 
mortality.

Participants and methods
Study design
This cross-sectional study utilized data recorded between 
2012 and 2015 by the American College of Surgeons 
National Surgical Quality Improvement Program (ACS 
NSQIP) database provided in published papers [5]. Our 
independent variable was preoperative PLT and our 
dependent variable was 30-day postoperative mortality.

Data source
Jingwen Zhang et al. published an article named “Sepsis 
and septic shock after craniotomy: Predicting a signifi-
cant patient safety and quality outcome measure” (DOI: 
https:// doi. org/ 10. 1371/ journ al. pone. 02352 73) and origi-
nally uploaded the ACS NSQIP database from 2012 to 
2015 [5] which was used for secondary analysis in our 
study. That original research was an open access arti-
cle distributed under a Creative Commons Attribution 
License, which allowed unrestricted reproduction, dis-
tribution, and use in any medium, provided the original 
source and author are acknowledged. Therefore, this data 

https://doi.org/10.1371/journal.pone.0235273
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was freely available for us to use in our secondary analy-
ses without infringement on the authors’ rights.

Participants
The original study initially enrolled 18,642 individuals. 
After excluding cases with missing values of preoperative 
PLT (N = 579), 18,063 cases were included in our study 
analysis (as shown in Fig.  1). Because our research was 
based on a secondary analysis of a previously collected 
dataset, and the original personal information was anon-
ymous, participants’ consent was not needed.

Variables
Preoperative PLTs (10×  109/L) were recorded as continu-
ous variables in the original uploaded data [5].

Thirty‑day postoperative mortality
30-day postoperative mortality was defined as mortality 
during the first 30 days after brain tumor craniotomy [5].

Covariates
Covariates were selected according to the previous lit-
erature and our clinical experience in our study. Height 
and body weight were recorded as continuous variables. 
Body mass index (BMI) was calculated as weight (kg) 
divided by height (m) squared (kg/m2). The original data 
were collected under standard conditions and processed 
following uniform procedures. Hence, the following 
variables were treated as covariates: [1] continuous vari-
ables: preoperative blood test indicators (serum sodium 
(Na), blood urea nitrogen (BUN), creatine (Cr), white 
blood cell (WBC) count, platelet (PLT) count) and BMI; 

and [2] categorical variables: sex (female or male), race 
(Asian, White, African American or Unknown race), age 
ranges (18–40, 41–60, 60–80, > 80 years old), dialysis, a 
history of diabetes (No, Yes (Noninsulin-dependent) or 
Yes (Insulin-dependent)), steroid use for chronic condi-
tion, smoking status, severe chronic obstructive pulmo-
nary disease (COPD), hypertension, bleeding disorders, 
preoperative transfusions, preoperative systemic sepsis, 
and emergency case. Further details are presented in the 
original study [5]. In addition, a WBC count ≤10 ×  109/L 
were considered low risk, and that > 10 ×  109/L were con-
sidered high risk [23]. The continuous variable - WBC 
count was divided into dichotomous variables (low 
or high risk based on literature reports) for subgroup 
analyses.

Statistical analysis
We stratified the participants by quartiles of preoperative 
PLT. For continuous outcomes, we extracted the median 
(interquartile range) (nonnormally distributed variables) 
or mean ± standard deviation (SD) (normally distributed 
variables); for categorical variables, we reported percent-
ages and frequencies. We used χ2 tests (for categorical 
variables), one-way ANOVAs (for normally distributed 
variables), or Kruskal–Wallis H tests (for nonnormally 
distributed data) to test for significant differences among 
the different HCT groups. To examine the link between 
preoperative PLT and 30-day postoperative mortality, 
the distinct univariate and multivariate binary logistic 
regression models were constructed according to the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) statement guidelines, including 

Fig. 1 Flowchart of the study participants
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a non-adjusted model (no covariates were adjusted), 
a minimally adjusted model (adjusting for age range, 
race, sex), and a fully adjusted model (adjusting for BMI, 
serum Na, BUN, Cr, WBC and HCT count, sex, race, age 
range, diabetes, dialysis, smoking status, severe COPD, 
hypertension, steroid use for chronic condition, opera-
tion time, bleeding disorders, preoperative transfusions, 
preoperative systemic sepsis, emergency case; covariates 
are presented in Table 1). Effect sizes and their 95% con-
fidence intervals (CIs) were recorded. We adjusted the 
effect sizes when covariances were added to the model 
and the matched odds ratio was changed by 10% or more 
[24].

The nonlinear relationship between preoperative PLT 
and 30-day postoperative mortality was addressed using 
a generalized additive model (GAM) and smooth curve 
fitting. If nonlinearity was detected, we calculated the 
inflection point using a recursive algorithm and subse-
quently constructed a piecewise binary logistic regression 
model with one piece on each side of the inflection point. 
The log-likelihood ratio test was employed to determine 
the most appropriate model for describing the associa-
tion between PLT and 30-day postoperative mortality.

We performed subgroup analyses using a stratified 
binary logistic regression model for several subgroups: 
sex, age range, race, diabetes, smoking status, severe 
COPD, hypertension, disseminated cancer, steroid use 
for chronic condition, emergency case, and WBC count. 
We first converted the WBC count to a categorical vari-
able based on the clinical threshold mentioned above 
(≤10×  109/L, > 10 ×  109/L) [23]. Second, in addition to 
the stratification factor itself, we adjusted each strati-
fication for all factors (sex, race, BMI, serum Na, BUN, 
Cr, WBC and HCT count, age range, diabetes, dialysis, 
smoking status, steroid use for chronic condition, severe 
COPD, preoperative transfusions, hypertension, bleeding 
disorders, preoperative systemic sepsis, operation time, 
emergency cases). Finally, we tested for interaction by 
employing the likelihood ratio test for models with and 
without interaction terms [25, 26].

Several sensitivity analyses were performed to test the 
robustness of our results. We converted preoperative 
PLT into a categorical variable according to its quartiles 
and calculated the P for each trend to verify the results 
of using PLT as a continuous variable and test the pos-
sibility of nonlinearity. We also explored the potential for 
unknown confounders on the relationship between pre-
operative PLT and 30-day postoperative mortality by cal-
culating E-values [27]. We reported all results according 
to the STROBE statement guidelines.

The number of participants with missing values 
for Na, BUN, Cr, WBC, and HCT was 412 (2.28%), 
1130 (6.26%), 367 (2.03%), 32 (0.18%), and 20 (0.11%), 

respectively. We replaced the missing values were by 
the median or mean value for statistical analysis.

Modeling was performed with the statistical software 
EmpowerStats (http:// www. empow ersta ts. com, X&Y 
Solutions, Inc., Boston, MA) and R package (http:// 
www.R- proje ct. org, The R Foundation). A two-sided P 
value < 0.05 was considered statistically significant.

Results
Baseline characteristics of the participants
The demographic and clinical characteristics of the 
18,063 included participants based on the quartiles 
of preoperative PLT are shown in Table  1. A total of 
47.49% of the included cases were male. The age dis-
tribution proportions were 16.17% (18–40), 41.52% 
(41–60), 39.01% (61–80) and 3.31% (> 81). The mean 
preoperative PLT value was (244.12 ± 76.77) ×  109/L. 
The 30-day postoperative mortality of the included par-
ticipants was 2.5% (452/18,063). We assigned included 
participants into subgroups using PTL quartiles: 
Q1 (5.00–193.00), Q2 (194.00–235.00), Q3 (236.00–
284.00), and Q4 (285.00–988.00). Compared with those 
of participants with a lower PLT (5.00–193.00), the 
highest PLT (285.00–988.00) was significantly posi-
tively correlated with BMI, serum Na, Cr, WBC count, 
HCT count and BUN, age range, operation time, smok-
ing status, sex, race, diabetes, severe COPD, bleed-
ing disorders, hypertension, dialysis, steroid use for 
chronic condition, preoperative transfusions, preop-
erative systemic sepsis, 30 day mortality events (all P 
values < 0.05) except emergency case (P values > 0.05). 
Although these baseline indicators of preoperative 
blood tests (such as serum HCT, BUN and Na) were 
statistically significant due to the large sample size, they 
were not clinically significant.

The results of the univariate analysis using a binary logistic 
regression model
The univariate analysis indicated that patients that were 
female, 41–60 years old, 61–80 years old, > 81 years old, 
had diabetes (noninsulin-dependent), diabetes (insulin-
dependent), severe COPD, hypertension, dialysis, ster-
oid use for chronic condition, bleeding disorders, levels 
of Na, Cr, WBC, PLT, HCT, BUN, preoperative trans-
fusions, preoperative SIRS, preoperative septic shock, 
operation time, and emergency case were positively asso-
ciated with 30-day postoperative mortality. In contrast, 
patients that were Asian, African American, of unknown 
race, BMI and those that smoked were negatively asso-
ciated with 30-day postoperative mortality (Table 2 pro-
vides more details).

http://www.empowerstats.com
http://www.r-project.org
http://www.r-project.org


Page 5 of 13Liu et al. BMC Neurology          (2022) 22:465  

Table 1 Baseline demographic characteristics of the participants

PLT (quartile) Q1 (15.00–193.00) Q2 (194.00–235.00) Q3 (236.00–284.00) Q4 (285.00–988.00) P value

N (cases) 4482 4508 4521 4552

BMI, (Mean ± SD) 28.443 ± 6.144 28.825 ± 6.592 28.815 ± 7.034 28.751 ± 7.146 0.026

Na, (Mean ± SD) 138.848 ± 3.307 138.779 ± 3.096 138.690 ± 3.060 138.191 ± 3.237 < 0.001

Cr, (Mean ± SD) 0.918 ± 0.512 0.872 ± 0.465 0.840 ± 0.336 0.818 ± 0.439 < 0.001

WBC, median (quartile) 7.320 (5.600–10.100) 8.000 (6.200–10.900) 8.600 (6.700–11.700) 10.000 (7.600–13.500) < 0.001

HCT, (Mean ± SD) 39.946 ± 5.203 40.765 ± 4.568 40.772 ± 4.499 39.773 ± 4.828 < 0.001

BUN, median (quartile) 16.527 (13.000–22.000) 16.000 (13.000–20.000) 16.000 (12.000–19.048) 16.000 (12.000–20.000) < 0.001

Operation time, median 
(quartile)

179.000 (120.250–259.000) 183.000 (123.000–270.000 184.000 (122.000–273.000 178.000 (117.000–266.000) 0.014

Sex N (%) < 0.001

 Male 2710 (60.464%) 2337 (51.841%) 1999 (44.216%) 1532 (33.656%)

 Female 1772 (39.536%) 2171 (48.159%) 2522 (55.784%) 3020 (66.344%)

Race N (%) 0.002

 White 3264 (72.825%) 3219 (71.406%) 3215 (71.113%) 3124 (68.629%)

 Asian 120 (2.677%) 137 (3.039%) 120 (2.654%) 149 (3.273%)

 African American 275 (6.136%) 292 (6.477%) 291 (6.437%) 357 (7.843%)

 Unknown race 823 (18.362%) 860 (19.077%) 895 (19.797%) 922 (20.255%)

Age ranges N (%) < 0.001

 18–40 586 (13.075%) 749 (16.615%) 806 (17.828%) 780 (17.135%)

 41–60 1622 (36.189%) 1841 (40.839%) 1938 (42.867%) 2098 (46.090%)

 61–80 2034 (45.382%) 1790 (39.707%) 1639 (36.253%) 1583 (34.776%)

 >81 240 (5.355%) 128 (2.839%) 138 (3.052%) 91 (1.999%)

Diabetes N (%) < 0.001

 No 3867 (86.278%) 4000 (88.731%) 4032 (89.184%) 4039 (88.730%)

 Yes (Noninsulin) 368 (8.211%) 337 (7.476%) 300 (6.636%) 336 (7.381%)

 Yes (Insulin) 247 (5.511%) 171 (3.793%) 189 (4.180%) 177 (3.888%)

Smoking status N (%) < 0.001

 No 3783 (84.404%) 3687 (81.788%) 3590 (79.407%) 3502 (76.933%)

 Yes 699 (15.596%) 821 (18.212%) 931 (20.593%) 1050 (23.067%)

Severe COPD N (%) < 0.001

 No 4302 (95.984%) 4329 (96.029%) 4324 (95.643%) 4287 (94.178%)

 Yes 180 (4.016%) 179 (3.971%) 197 (4.357%) 265 (5.822%)

Hypertension N (%) < 0.001

 No 2605 (58.121%) 2810 (62.334%) 2872 (63.526%) 2871 (63.071%)

 Yes 1877 (41.879%) 1698 (37.666%) 1649 (36.474%) 1681 (36.929%)

Dialysis < 0.001

 No 4455 (99.398%) 4500 (99.823%) 4512 (99.801%) 4540 (99.736%)

 Yes 27 (0.602%) 8 (0.177%) 9 (0.199%) 12 (0.264%)

Steroid use for chronic 
condition N (%)

< 0.001

 No 3601 (80.344%) 3911 (86.757%) 3917 (86.640%) 3896 (85.589%)

 Yes 881 (19.656%) 597 (13.243%) 604 (13.360%) 656 (14.411%)

Bleeding disorders N (%) < 0.001

 No 4283 (95.560%) 4448 (98.669%) 4459 (98.629%) 4500 (98.858%)

 Yes 199 (4.440%) 60 (1.331%) 62 (1.371%) 52 (1.142%)

Preoperation transfusions 
N (%)

0.003

 No 4457 (99.442%) 4500 (99.823%) 4512 (99.801%) 4531 (99.539%)

 Yes 25 (0.558%) 8 (0.177%) 9 (0.199%) 21 (0.461%)
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Multivariate analyses using the binary logistic regression 
model
The authors constructed three models using the binary 
logistic regression model to investigate the association 
between preoperative PLT and 30-day postoperative 
mortality. In the nonadjusted model, an increase of 1 unit 
of PLT was related to a 0.2% reduce in 30-day postopera-
tive mortality (OR = 0.998, 95% CI 0.997 to 0.999). The 
results were statistically significant. In the minimally-
adjusted model, when the authors adjusted for sex, race 
and age ranges, each additional unit of PLT increase 
could lead to elevated the 30-day postoperative mortality 
by 0.1% (OR = 0.999, 95% CI 0.998 to 1.000). In the fully 
adjusted model, each additional PLT unit was accompa-
nied by a 0.1% increase in postoperative 30-day mortal-
ity (OR = 0.999, 95% CI 0.997 to 1.000). The results were 
statistically significant. The distribution of confidence 
intervals indicated that the link between the preoperative 
PLT and 30-day postoperative mortality obtained by the 
model was reliable (Table 3).

Sensitivity analyses
A series of sensitivity analyses were performed to verify 
the robustness of our findings. We first converted preop-
erative PLT from a continuous variable to a categorical 
variable (dividing into groups according to quartiles) and 
then replaced previous PLT variable in the model with 
the categorical-transformed PLT. After preoperative PLT 
was transformed into a categorical variable, the trend of 
the effect sizes in different groups was equidistant, and 
the P for the trend was consistent with the result when 
PLT was a continuous variable.

In addition, a GAM was used to insert the continuity 
covariate into the equation as a curve. The E-value was 
also computed to assess the sensitivity to unmeasured 
confounders and the E-value was 1.03, which was greater 

than the relative risk of unmeasured confounders influ-
encing the relationship between preoperative PLT and 
30-day postoperative mortality, suggesting that unknown 
or unmeasured confounders had little effect on the 
relationship.

The nonlinearity addressed by the generalized additive 
model
Through the GAM and smooth curve fitting, we 
observed that the association between preoperative 
PLT and 30-day postoperative mortality was nonlinear 
(Fig. 2). Therefore, we fit the data to a piecewise binary 
logistic regression model that allowed two different 
slopes. Data were also fitted by a standard binary logis-
tic regression model based on the sensitivity analysis, 
and the best appropriate model was selected through 
the log-likelihood ratio test (Table 4). The P for the log-
likelihood ratio test was < 0.05 in this study. Therefore, a 
piecewise model was used to fit the link between preop-
erative PLT and 30-day postoperative mortality. With a 
recursive algorithm, we first obtained an inflection point 
of 236 and then calculated the effect sizes and CIs to the 
left and right of the inflection point with the piecewise 
binary logistic regression model. On the left side of the 
inflection point, the effect size was 0.993, and the 95% CI 
was from 0.990 to 0.995. On the right side of the inflec-
tion point, the effect size was 1.002, and the 95% CI was 
from 1.000 to 1.004.

Subgroup analyses
We performed subgroup analyses to consider other fac-
tors that could impact the relationship between pre-
operative PLT and 30-day postoperative mortality. We 
used sex, age range, diabetes, bleeding disorders, smok-
ing status, pre-operation transfusions, severe COPD, 
emergency case, hypertension, steroid use for chronic 

Table 1 (continued)

PLT (quartile) Q1 (15.00–193.00) Q2 (194.00–235.00) Q3 (236.00–284.00) Q4 (285.00–988.00) P value

Preoperation systemic 
sepsis N (%)

< 0.001

 No 4321 (96.408%) 4357 (96.650%) 4392 (97.147%) 4323 (94.969%)

 SIRS 160 (3.570%) 147 (3.261%) 127 (2.809%) 225 (4.943%)

 Septic Shock 1 (0.022%) 4 (0.089%) 2 (0.044%) 4 (0.088%)

Emergency case N (%) 0.578

 No 4194 (93.574%) 4215 (93.500%) 4232 (93.608%) 4232 (92.970%)

 Yes 288 (6.426%) 293 (6.500%) 289 (6.392%) 320 (7.030%)

30 day mortality events, 
N (%)

< 0.001

 No 4313 (96.229%) 4415 (97.937%) 4444 (98.297%) 4439 (97.518%)

 Yes 169 (3.771%) 93 (2.063%) 77 (1.703%) 113 (2.482%)
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Table 2 The results of the univariate analysis

Statistics OR 95% CI P value

Sex, N (%)

 Male 8578 (47.489%) Ref.

 Female 9485 (52.511%) 0.643 (0.532, 0.777) < 0.00001

Race, N (%)

 White 12,822 (70.985%) Ref.

 Asian 526 (2.912%) 0.767 (0.406, 1.448) 0.41330

 African American 1215 (6.726%) 0.899 (0.604, 1.338) 0.60128

 Unknown race 3500 (19.377%) 1.152 (0.916, 1.448) 0.22561

Age range, N (%)

 18–40 2921 (16.171%) Ref.

 41–60 7499 (41.516%) 2.780 (1.737, 4.448) 0.00002

 61–80 7046 (39.008%) 5.005 (3.164, 7.916) < 0.00001

 >81 597 (3.305%) 15.014 (8.938, 25.222) < 0.00001

BMI 28.709 ± 6.743 0.986 (0.972, 1.001) 0.07702

Diabetes, N (%)

 No 15,938 (88.236%) Ref.

 Yes (Noninsulin-dependent) 1341 (7.424%) 1.528 (1.119, 2.088) 0.00770

 Yes (Insulin-dependent) 784 (4.340%) 2.558 (1.855, 3.529) < 0.00001

Smoking status, N (%)

 No 14,562 (80.618%) Ref.

 Yes 3501 (19.382%) 1.125 (0.895, 1.414) 0.31210

Severe COPD, N (%)

 No 17,242 (95.455%) Ref.

 Yes 821 (4.545%) 2.524 (1.851, 3.444) < 0.00001

Hypertension, N (%)

 No 11,158 (61.773%) Ref.

 Yes 6905 (38.227%) 2.256 (1.867, 2.725) < 0.00001

Dialysis, N (%)

 No 18,007 (99.690%) Ref.

 Yes 56 (0.310%) 6.593 (3.101, 14.018) < 0.00001

Steroid use for chronic condition N (%)

 No 15,325 (84.842%) Ref.

 Yes 2738 (15.158%) 2.349 (1.909, 2.890) < 0.00001

Bleeding disorders N (%)

 No 17,690 (97.935%) Ref.

 Yes 373 (2.065%) 2.263 (1.428, 3.587) 0.00051

Na 138.626 ± 3.187 0.911 (0.887, 0.936) < 0.00001

Cr 0.862 ± 0.444 1.246 (1.118, 1.389) 0.00007

WBC 9.507 ± 4.474 1.073 (1.056, 1.090) < 0.00001

PLT 244.122 ± 76.773 0.998 (0.997, 0.999) 0.00154

HCT 40.313 ± 4.803 0.922 (0.907, 0.938) < 0.00001

BUN 17.324 ± 8.076 1.043 (1.035, 1.050) < 0.00001

Preoperative transfusions N (%)

 No 18,000 (99.651%) Ref.

 Yes 63 (0.349%) 5.751 (2.723, 12.147) < 0.00001

preoperative systemic sepsis N (%)

 No 17,393 (96.291%) Ref.

 SIRS 659 (3.648%) 2.599 (1.854, 3.644) < 0.00001

 Septic Shock 11 (0.061%) 9.182 (1.978, 42.630) 0.00465
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Table 2 (continued)

Statistics OR 95% CI P value

Operation time 211.344 ± 131.693 0.998 (0.998, 0.999) 0.00011

Emergency case N (%)

 No 16,873 (93.412%) Ref.

 Yes 1190 (6.588%) 2.844 (2.198, 3.680) < 0.00001

Table 3 Multivariate analysis on the association between preoperative PLT and 30-day postoperative mortality

Model 1 (nonadjusted model): not adjust any covariate

Model 2 (minimally-adjusted model): adjusted age ranges, sex, race

Model 3 (fully-adjusted model): adjusted BMI, sex, age range, race, dialysis, diabetes, smoking status, bleeding disorders,severe COPD, hypertension, preoperative 
transfusions, steroid use for chronic condition, preoperative systemic sepsis, operation time, emergency case, serum Na, BUN, Cr, WBC count, and HCT count

OR odds ratios; CI confidence; BMI body mass index; COPD chronic obstructive pulmonary disease

Exposure Model 1 (OR, 95% CI,P) Model 2 (OR, 95% CI,P) Model 3 (OR, 95% CI,P)

PLT 0.998 (0.997, 0.999) 0.00154 0.999 (0.998, 1.000) 0.22630 0.999 (0.997, 1.000) 0.03982

PLT (quartile)

 Q1

 Q2 0.538 (0.416, 0.695) < 0.00001 0.622 (0.480, 0.807) 0.00034 0.664 (0.503, 0.877) 0.00395

 Q3 0.442 (0.337, 0.581) < 0.00001 0.535 (0.406, 0.706) < 0.00001 0.558 (0.416, 0.749) 0.00010

 Q4 0.650 (0.510, 0.827) 0.00047 0.851 (0.662, 1.094) 0.20793 0.718 (0.545, 0.945) 0.01820

P for trend 0.00006 0.05543 0.00509

Fig. 2 The nonlinear relationship between preoperative PLT and 30-day postoperative mortality
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condition and WBC count as stratification variables to 
detect the trend of effect sizes. Table 5 showed that there 
were no significant differences in the relationship in dif-
ferent sex, age range, diabetes, smoking status, severe 
COPD, hypertension, steroid use for chronic condition, 
bleeding disorders, pre-operation transfusions, and WBC 
groups (P for interaction > 0.05); only emergency case 
modified the relationship between preoperative PLT and 
30-day postoperative mortality (P for interaction < 0.05). 
The stronger association was observed in non-emergency 
surgery patients (OR = 0.998, 95% CI: 0.996–0.999), and 
the weaker association was observed in emergency sur-
gery patients (OR = 1.002, 95% CI: 0.999–1.005).

Emergency case differences in the nonlinear relationship
Based on the above results, we further explored the effect 
of emergency case on the relationship between preop-
erative PLT and 30-day postoperative mortality. The non-
linearity was addressed by a GAM. We found a specific 
nonlinear relationship between preoperative PLT and 
30-day postoperative mortality both in non-emergency 
and emergency surgery patients (Fig.  3). As shown in 
Table  6, a recursive algorithm found that two inflection 
points were 235 and 195, respectively. Curve fitting and 
threshold effect analysis revealed that for non-emergency 
surgery patients with preoperative PLT value ≤235, a one 
unit decrease in PLT was related to a 0.8% increase in risk 
of 30-day postoperative mortality (OR = 0.992, 95%CI 
(0.989, 0.995); for non-emergency surgery patients with 
preoperative PLT value > 235, no significant association 
was found between PLT and 30-day postoperative mortal-
ity. No significant association was also found between PLT 
and 30-day postoperative mortality in emergency surgery 
patients (P value > 0.05).

Discussion
In this study, we used the ACS NSQIP (2012–2015) 
database to explore whether there was an association 
between preoperative PLT and 30-day postoperative 
mortality. We found that the decrease of the preopera-
tive PLT was related to a significantly increased 30-day 
postoperative mortality. In addition, a threshold effect 
curve was found as well, and different relationships of 
preoperative PLT on 30-day postoperative mortality 
were detected on both sides of the inflection point. In 
addition, emergency case was found as the potential 
effect modifiers to modify the relationship between 
preoperative PLT and 30-day postoperative mortality.

Through a literature search, we found only two pieces 
of literature currently investigating the relationship 
between preoperative PLT and brain tumor patients’ 
outcomes [18, 22]. One study included 14,852 patients 
who underwent craniotomy for brain tumor of the 
prospective NSQIP registry (2007–2014). The study 
found that moderate (100,000-124,000/μL) and severe 
(75,000-99,000/μL) thrombocytopenia were associ-
ated with 30-day postoperative mortality and reopera-
tion after craniotomy for brain tumor [18]. The present 
data-analysis study also used the NSQIP database for 
analysis and we agreed with their conclusion that lower 
platelets were associated with 30-day postoperative 
mortality. Surgical bleeding can lead to diffuse bleed-
ing as platelets and coagulation factors are already 
reduced [28]. We believe that patients with low plate-
lets in general have further loss of platelets and clotting 
factors during surgery, which may increase the risk of 
bleeding and account for the difference in prognosis 
for these patients. Unlike their study, our study used a 
two-piecewise linear regression model to clarify a non-
linear relationship between the preoperative PLT and 
the 30-day postoperative mortality. The inflection point 
was 236 after adjusting for confounders and emergency 
case could modified the relationship between them 
(P for interaction < 0.05). Curve fitting and threshold 
effect analysis revealed that for non-emergency sur-
gery patients with preoperative PLT ≤ 235, a one unit 
decrease in PLT was related to a 0.8% increase in risk 
of 30-day postoperative mortality (OR = 0.992, 95%CI 
(0.989, 0.995); for non-emergency surgery patients with 
preoperative PLT > 235, the effect of a one unit increase 
in preoperative PLT was related to a 0.1% increase in 
risk of 30-day postoperative mortality (OR = 1.001, 
95%CI (1.000, 1.003). The inflection point provides 
firstly evidence for the preoperative PLT manage-
ment in the U.S. population. Therefore, this analysis 
has excellent clinical value. Another study in China 
included 141 primary GBM and 25 secondary GBM. 
The results suggested that PLR was predictive of patient 

Table 4 The results of the standard linear and two-piecewise 
linear regression model

The model adjusted for BMI, sex, race, age range, bleeding disorders, diabetes, 
dialysis, smoking status, severe COPD, preoperative transfusions, hypertension, 
steroid use for chronic condition, preoperative systemic sepsis, operation time, 
emergency case, serum Na, BUN, Cr, WBC count, and HCT count

Ref reference; OR odds ratios; CI confidence

Postoperative 30‑day 
mortality (OR, 95% CI, P 
value)

Fitting model by standard linear regression 0.999 (0.997, 1.000) 0.0398

Fitting model by two-piecewise linear 
regression

Infection point 236

 ≤236 0.993 (0.990, 0.995) < 0.0001

 >236 1.002 (1.000, 1.004) 0.0179

P value for log likelihood ratio test < 0.001
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survival in the GBM, primary GBM, and IDH-wild type 
glioblastoma (IDH-wt GBM) groups. The mechanism 
underlying the prognostic role of PLR remains unclear 
in GBM. Future large samples and further mechanism 
studies are needed.

Strengths and limitations
Importantly, to the best of our knowledge, this is the larg-
est retrospective study exploring the relationship between 
preoperative PLT and 30-day postoperative mortality, and 
this large sample size ensures sufficient statistical power. 

Compared to prior studies, the study of nonlinear address-
ing is a considerable advance. The study was observa-
tional and is susceptible to potential confounding. Strict 
statistical adjustments were utilize to minimize residual 
confounds. We used a GAM and smooth curve fitting 
(penalized spline method) to explore the nonlinear rela-
tionship. Thus, this study had greater clinical value, which 
previous studies did not explore. We performed subgroup 
analyses, and also conducted sensitivity analyses to ensure 
the robustness of our results. In addition, study of effect 
size to help use these data in future studies.

Table 5 Results of interaction and subgroup analyses

Characteristic No of participants OR (95% CI) P for interaction

Sex 0.7065

 Male 8578 0.999 (0.997, 1.000)

 Female 9485 0.998 (0.996, 1.000)

Age ranges 0.1822

 18–40 2921 0.996 (0.989, 1.004)

 41–60 7499 0.997 (0.995, 0.999)

 61–80 7046 1.000 (0.998, 1.002)

  > 81 597 0.997 (0.993, 1.002)

Diabetes 0.8235

 No 15,938 0.999 (0.997, 1.000)

 Yes (Noninsulin) 1341 0.999 (0.995, 1.003)

 Yes (Insulin) 784 0.997 (0.992, 1.002)

Smoking status 0.7369

 No 14,562 0.998 (0.997, 1.000)

 Yes 3501 0.999 (0.997, 1.001)

Severe COPD 0.6776

 No 17,242 0.999 (0.997, 1.000)

 Yes 821 0.998 (0.994, 1.002)

Hypertension 0.5515

 No 11,158 0.998 (0.996, 1.000)

 Yes 6905 0.999 (0.997, 1.001)

Steroid use for chronic condition 0.9858

 No 15,325 0.999 (0.997, 1.000)

 Yes 2738 0.999 (0.996, 1.001)

Bleeding disorders 0.2669

 No 17,690 0.999 (0.998, 1.000)

 Yes 373 0.994 (0.984, 1.003)

Pre-operation transfusions 0.2426

 No 18,000 0.999 (0.997, 1.000)

 Yes 63 1.003 (0.996, 1.011)

Emergency case 0.0110

 No 16,873 0.998 (0.996, 0.999)

 Yes 1190 1.002 (0.999, 1.005)

WBC 0.2615

 WBC ≤ 10 6459 0.998 (0.996, 1.000)

 WBC > 10 11,604 1.000 (0.997, 1.002)
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This retrospective analysis has some limitations. Because 
this was a secondary analysis of previously published data, 
we cannot rule out some unmeasured and/or residual con-
founding factors that may influence the estimated rela-
tionship (e.g., platelet function [29, 30], socioeconomic 
factors). However, we calculated the E-value to quantify 
the potential impact of unmeasured confounders. Besides, 
due to the content limitations of the uploaded database, 
we could not investigate the relationship between pre-
operative PLT and long-term outcomes. There are many 
causes of death after craniotomy for brain tumors. Animal 

experiments can be used for exploring the direct relation-
ship. Despite these limitations, our study was based on 
data from a large group of U.S. adult patients in approxi-
mately 400 community hospitals and academic. As such, 
our conclusions postulated remain highly plausible.

Conclusions
This research demonstrates a positive and nonlinear 
relationship between preoperative PLT and 30-day 
postoperative mortality in adult patients who under-
went craniotomy for tumors. There was a threshold 

Fig. 3 Emergency case differences in the effect of preoperative PLT on 30-day postoperative mortality

Table 6 The results of the piecewise linear regression

The model adjusted for BMI, sex, race, age range, bleeding disorders, diabetes, dialysis, smoking status, severe COPD, preoperative transfusions, hypertension, steroid 
use for chronic condition, preoperative systemic sepsis, operation time, serum Na, BUN, Cr, WBC count, and HCT count

OR odds ratios; CI confidence

Emergency case No
30‑day mortality (OR, 95% CI, P value)

Yes
30‑day mortality (OR, 
95% CI, P value)

 Infection point of PLT 235 195

 ≤235 0.992 (0.989, 0.995) < 0.0001 ≤ 195 0.995 (0.983, 1.007) 0.4273

 >235 1.001 (1.000, 1.003) 0.1413 >  195 1.003 (1.000, 1.006) 0.0389

P value from the log likelihood ratio test < 0.001 0.250
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effect between the preoperative PLT and 30-day post-
operative mortality. When the preoperative PLT counts 
was lower than 235 < 10×  109/L, there was a significant 
positive association with 30-day postoperative mor-
tality in non-emergency surgery patients. This result 
is expected to provide a reference for clinicians for 
preoperative PLT. Proper preoperative management 
of PLT and maintenance of PLT near inflection point 
(235) could reduce 30-day postoperative mortality in 
these cases. Therefore, abnormal preoperative PLT can 
help identify high-risk groups for postoperative 30-day 
mortality in U.S. adult patients who undergo craniot-
omy for tumors, which will allow clinicians to plan and 
initiate appropriate management strategies.
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