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Background: Headache is a frequent complication after cardiac surgery. However, studies on the risk
factors of postoperative headache (POH) are rare. The purpose of this study was to identify independent
risk factors for POH in patients undergoing heart valve surgery (HVS) and to develop and validate risk
prediction models.

Methods: Consecutive patients undergoing open HVS from 2016 to 2019 were enrolled in this study.
Patients were randomly assigned to training and validation sets at a 2:1 ratio. Univariate and multivariate
analysis were applied to identify independent predictors for POH in the training set. A nomogram predicting
POH was developed based on these factors, and was validated in the independent validation set.

Results: POH developed in 1,061 of the 3,853 patients (27.5%). The overall mortality was 2.9%, and it was
significantly higher in patients with POH (4.3% versus 2.4%, P<0.001). In the training set, six independent
predictors were identified by multivariate analysis, including female, smoking history, hypertension, headache
history, left ventricular ejection fraction, and cardiopulmonary bypass time. The model demonstrated good
discrimination in both the training (c-index: 0.811) and validation sets (c-index: 0.814), and calibration
was assessed by visual inspection. A second nomogram was also constructed including only preoperative
predictors, with good discrimination (c-index: 0.792) and calibration. The decision and clinical impact curves
of the models showed good clinical utility.

Conclusions: We developed and validated two risk prediction models for POH in patients undergoing

HVS. The models may have clinical utility in individualized risk assessment and preventive interventions.
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Introduction

Cardiovascular disease remains the leading cause of
mortality and disease burden in the world (1,2) The
prevalence and related health care costs of cardiovascular
disease have been rising steadily these years (1). Valvular
heart disease is one of the most common cardiovascular
diseases and surgical intervention is the main treatment

for severe valvular heart disease (3). Clinically, it has been
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observed that a considerable proportion of patients develop
headaches after heart valve surgery (HVS).

Postoperative headache (POH) is a common complication
after surgical procedures, associated with increased
morbidity, prolonged hospital stay, reduced quality of life,
and additional economic burden (4-10). The incidence of
POH reported in the literature varies substantially after
different types of surgery (4,6,9,11-17). Currently, some
studies have been carried out to identify possible predictors
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for the occurrence of POH in patients undergoing
craniotomy, general, spinal, orthopedic, gynecologic,
and ear-nose-throat procedures (6,13,16,18-21).
Several related risk factors have been reported, such as
age, female gender, previous history of headache, and
anaesthetic drugs (13,18,22). However, there are only few
reports available about the development of POH after
cardiac surgery, and basically it’s just used as a secondary
outcome (23). To our knowledge, there are no prior studies
identifying the risk factors of POH after cardiac surgery,
let alone a risk model that can be used to early predict the
occurrence of POH. The establishment of a convincing
prediction model for POH after cardiac surgery is in
urgent need and we therefore conducted this prospective
observational study.

The purpose of this study was to identify independent risk
factors for the development of POH in adult patients who
underwent open HVS, and to develop as well as validate an
easy-to-use clinical prediction model that may help clinicians
assess the risk of POH early. We present the following article
in accordance with the TRIPOD reporting checklist (available
at https://dx.doi.org/10.21037/jtd-21-644).

Methods

The study was conducted according to the Declaration of
Helsinki (as revised in 2013). The Ethics Committee of
Tongji Medical College of Huazhong University of Science
and Technology IORG No. IORG0003571) approved this
study. The need for informed consent was waived because
of the retrospective study design.

Study population

Consecutive adult patients (age >18 years) who underwent
open HVS in our hospital between 2016 and 2019 were
included in this study. Exclusion criteria were intraoperative
or early postoperative death, unconsciousness after surgery,
and records with missing data. The remaining patients
were divided into two groups according to the presence or
absence of any kind of headache from the first postoperative
day to discharge.

Data collection and variables

Clinical data were collected through the hospital’s
electronic medical record management. Pre-, intra-, and
post-operative variables were analyzed. Demographics
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included sex, age, body mass index, smoking history and
drinking history. Comorbidities included hypertension,
diabetes mellitus, chronic obstructive pulmonary disease,
gastrointestinal tract disease, peripheral vascular disease,
cerebrovascular disease, renal insufficiency, atrial
fibrillation, pulmonary artery hypertension, left ventricular
ejection fraction (LVEF), pericardial effusion, headache
history, general surgical history, and cardiac surgery history.
Laboratory values included white blood cell (WBC) count,
red blood cell count, hemoglobin, platelet count, serum
creatinine, albumin, and globulin. Intraoperative variables
included transfusion of red blood cells, the duration of
cardiopulmonary bypass (CPB) and aortic cross clamp.
Postoperative variables included pneumonia, reintubation,
tracheotomy, readmission to intensive care unit (ICU),
mortality, the lengths of mechanical ventilation, ICU and
hospital stay.

Definitions of variables

Body mass index was calculated as weight (kg) divided by
height squared. Smoking history was positive if there was
current or previous daily smoking. Hypertension referred
to blood pressure >140/90 mmHg, use of anti-hypertensive
drugs, or previous diagnosis of hypertension. Chronic
obstructive pulmonary disease was defined as FEV1/FVC
<0.7. Diabetes mellitus was defined as fasting glucose
>7.0 mmol/L, random glucose >11.1 mmol/L, use of
diabetic medication, or previous diagnosis of diabetes
mellitus. Headache history was defined as any report of
either migraine or any other recurrent kind of headache
in referral letters or hospital medical records. Renal
insufficiency referred to serum creatinine level higher than
110 pmol/L or previous diagnosis of renal insufficiency.

Statistical analysis

We randomly divided the overall dataset into the training
set and the validation set, with a ratio of 2:1. The former
was used for the development of the model, whereas
the latter was used for the validation of the model. In
the training set, univariate analysis of preoperative and
intraoperative variables was used to screen possible risk
factors. Normally distributed continuous variables were
presented as mean + standard deviation and analyzed by
two-independent samples t test. Non-normally distributed
continuous variables were expressed as median with
inter-quartile range and compared by Mann-Whitney U
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Figure 1 Flow chart of the study. POH, postoperative headache.

test. Categorical variables were expressed as frequency
(percentage) and analyzed by the chi-square test or Fisher’s
exact test. Variables screened in the univariate analysis
were then entered into the multivariate analysis to identify
independent risk factors. A nomogram based on the full
multivariate logistic regression model was constructed to
predict the probability of POH after HVS. In the same way,
a second multivariate nomogram model that only included
preoperative variables was developed using the overall
dataset.

Internal validation of the prediction model was
evaluated by bootstrapping using 1,000 resamples. External
validation was conducted in the independent validation
set. Calibration curves were plotted to visually assess the
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calibration. Discrimination was assessed using the area
under the receiver operating characteristic (ROC) curve
(AUC) or c-index. Comparison of the AUC between the
training and validation sets was performed using the Delong
method (24). Decision curve analysis was applied to evaluate
the clinical utility of the model (25). The decision curve
displayed the standardized net benefit against the threshold
probability. The clinical impact curve showed the number
of estimated high risk with different threshold probability
and the number of true positives among 1,000 patients. A
study flowchart is provided in Figure 1.

Two-tailed P values less than 0.05 were considered
statistically significant. Statistical analyses were performed
using R software (version 4.0.3).
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Results
Demographic characteristic

Among the 3,890 patients undergoing HVS, nine died
intraoperatively or early postoperatively, seven lapsed into
unconsciousness after surgery, and twenty-one had missing
data. The remaining 3,853 cases fulfilled the inclusion criteria
and were further analyzed (Figure I). The average age of the
included patients was 51.27+12.56 years; 53.9% were men.
The overall incidence of POH after HVS was 27.5%.

All patients underwent sternotomy and cardiopulmonary
bypass, in which 59.8% underwent single-valve surgery.
Approximately 63.6% of patients underwent mitral
valve surgery and more than half underwent aortic valve
surgery. About two-thirds of mitral valve surgery and a
quarter of aortic valve surgery were repair procedures. In
patients undergoing valve replacement surgery, about two-
fifths used biological prosthesis. Regarding the valvular
pathologies, stenosis accounted for about one-third of
mitral valve diseases and about one-fifth of aortic valve
diseases.

The patients constituting this study population had
different comorbidities. Patients with smoking history
made up 26.8%, drinking history 20.1%, headache history
10.8%, hypertension 24.3%, diabetes mellitus 5.7%, chronic
obstructive pulmonary disease 12.8%, gastrointestinal tract
disease 8.2%, renal insufficiency 8.3 %, atrial fibrillation
23.1%, cardiac surgery history 8.0%. The average volume
of intraoperative transfusion of red blood cells was 4.0
(3.0, 7.5) units, and the average CPB duration was 108 (86,
139) minutes. The baseline characteristics, comorbidities
and operative variables were similar for the training and
validation sets (Table 1). The incidence rate of POH in the
two sets was respectively 27.8% and 27.0% (P=0.60).

Short-acting analgesics were used for postoperative
pain control in our hospital. In this study, about 17.6% of
patients had taken painkillers at least once for wound pain
or other causes before the development of POH and the
incidence of POH in these patients was 28.7%. The other
82.4% of patients had not taken pain medication before the
development of POH and the corresponding incidence was
27.3%. No significant difference was found between groups
(P=0.473), indicating that the use of painkillers may not
have much effect on the detection rate of POH.

Development of the full nomogram model

We initially conducted univariate analysis to screen
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possible risk factors for POH after HVS in the training
set (Table 2). Collinearity diagnostics were performed
before the construction of a multivariate model. Significant
predictors in the univariate analysis were then entered into
the multivariate analysis. By stepwise forward selection,
we identified six independent risk factors in the final
multivariate logistic regression model, including female,
smoking history, hypertension, headache history, LVEF, and
CPB time (7able 3). A nomogram predicting the probability
of POH after HVS was then established on the basis of the
full multivariate model (Figure 2). Regression coefficients
of the predictors were scaled to points of 0-100, which can
reflect their relative importance.

The risk of POH after HVS in a specific patient can
be easily predicted by summing the points of all variables.
Female patients who had smoking history, hypertension,
headache history, low LVEF and longer CPB time would
have higher points and thus higher risk of POH after HVS.
The risk of POH after HVS predicted by this nomogram
model ranged from 0.01 to 0.99.

Assessment and validation of the full model

The nomogram model was validated using both internal
and external validation. Internal validation was performed
via a bootstrap method with 1,000 resamples in the training
set. External validation was conducted in the independent
validation set. The goodness-of-fit of the model was tested
by calibration plot. By visual inspection, the nomogram
was well calibrated in both the training and validation
sets (Figure 3). The ROC curves were drawn to evaluate
the effectiveness of the nomogram model at predicting the
probability of POH in patients undergoing HVS (Figure 4).
The AUC was respectively 0.811 (95% CI, 0.792-0.831) and
0.814 (95% CI, 0.787-0.841) in the training and validation
sets, demonstrating good discrimination. No significant
difference was found between the two AUCs (P=0.90).

Preoperative prediction model

The full nomogram model above was constructed using
both preoperative and intraoperative predictors. To facilitate
clinical applications, we constructed a second model using
only preoperative variables. By univariate and multivariate
analysis, we identified seven preoperative independent
predictors, including female, smoking history, hypertension,
headache history, LVEF, WBC, and serum albumin (7able 4).
A preoperative nomogram model was then constructed
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Table 1 Comparison of characteristics between the training and validation sets

Wang et al. Nomogram for POH following HVS

Characteristic Training set (n=2,568) Validation set (n=1,285) P value
Demographics
Male, n (%) 1,370 (53.3) 707 (55.0) 0.327
Age (years) 51.33+12.65 51.14+£12.38 0.666
Body mass index (kg/m?) 22.8 (20.7, 25.0) 22.9 (20.8, 25.4) 0.054
Smoking history, n (%) 695 (27.1) 339 (26.4) 0.652
Drinking history, n (%) 501 (19.5) 275 (21.4) 0.168
Underlying conditions, n (%)
Hypertension 613 (23.9) 322 (25.1) 0.418
Diabetes mellitus 148 (5.8) 73 (5.7) 0.917
Headache history 281 (10.9) 136 (10.6) 0.735
Chronic obstructive pulmonary disease 338 (13.2) 155 (12.1) 0.335
Cerebrovascular disease 891 (34.7) 467 (36.3) 0.313
Peripheral vascular disease 1,082 (42.1) 530 (41.2) 0.598
Renal insufficiency 205 (8.0) 115 (8.9) 0.305
Gastrointestinal tract disease 210 (8.2) 106 (8.2) 0.939
Atrial fibrillation 586 (22.8) 304 (23.7) 0.561
General surgery history 763 (29.7) 377 (29.3) 0.811
Heart surgery history 202 (7.9) 106 (8.2) 0.679
Pulmonary artery hypertension 826 (32.2) 403 (31.4) 0.614
Pericardial effusion 403 (15.7) 199 (15.5) 0.868
Left ventricular ejection fraction (%) 62 (58, 66) 61 (58, 66) 0.739
Laboratory values
White blood cell count (x10%/L) 5.6 (4.7, 6.8) 5.7 (4.7,7.0) 0.109
Red blood cell count (x10"/L) 4.3 (3.9, 4.6) 4.3 (3.9, 4.7) 0.109
Hemoglobin (g/L) 129 (118, 140) 129 (118, 141) 0.422
Platelet count (x10°%/L) 176 (140, 215) 175 (143, 214) 0.541
Serum creatinine (umol/L) 71.6 (60.9, 84.2) 72.6 (61.6, 85.3) 0.239
Serum albumin (g/L) 40.22+3.89 40.41+£3.99 0.176
Serum globulin (g/L) 24.65+4.44 24.71+4.39 0.696
Operative variables
Cardiopulmonary bypass time (minutes) 109 (85, 139) 107 (87, 138) 0.768
Aortic cross clamp time (minutes) 72 (53, 96) 72 (54, 94) 0.989
Transfusion of red blood cells (units) 4.0(3.0,7.5) 4.0(3.0,7.5) 0.515
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Table 2 Univariate analysis of possible risk factors for POH after HVS in the training set

Characteristic Without POH (n=1,854) With POH (n=714) /12t P value
Demographics
Male, n (%) 1,016 (54.8) 354 (49.6) 5.645 0.018
Age (years) 50.63+12.85 53.15+11.92 4.692 <0.001
Body mass index (kg/m?) 22.6 (20.6, 24.9) 23.2(21.1,25.5) 3.265 0.001
Smoking history, n (%) 390 (21.0) 305 (42.7) 122.760 <0.001
Drinking history, n (%) 313 (16.9) 188 (26.3) 29.303 <0.001
Underlying conditions, n (%)
Hypertension 337 (18.2) 276 (38.7) 118.958 <0.001
Diabetes mellitus 97 (5.2) 51 (7.1) 3.466 0.063
Headache history 99 (5.3) 182 (25.5) 214.782 <0.001
Chronic obstructive pulmonary disease 230 (12.4) 108 (15.1) 3.338 0.068
Cerebrovascular disease 620 (33.4) 271 (38.0) 4.636 0.031
Peripheral vascular disease 762 (41.1) 320 (44.8) 2.922 0.087
Renal insufficiency 127 (6.9) 78 (10.9) 11.649 0.001
Gastrointestinal tract disease 138 (7.4) 72 (10.1) 4.787 0.029
Atrial fibrillation 406 (21.9) 180 (25.2) 3.210 0.073
General surgery history 544 (29.3) 219 (30.7) 0.437 0.509
Heart surgery history 142 (7.7) 60 (8.4) 0.394 0.530
Pulmonary artery hypertension 594 (32.0) 232 (32.5) 0.049 0.825
Pericardial effusion 279 (15.0) 124 (17.4) 2.094 0.148
Left ventricular ejection fraction (%) 63 (59, 66) 60 (55, 65) 8.291 <0.001
Laboratory values
White blood cell count (x10%/L) 5.6 (4.6, 6.8) 5.6 (4.8, 6.8) 2.202 0.028
Red blood cell count (x10'%/L) 4.3 (3.9, 4.6) 4.2 3.9,4.6) 1.669 0.095
Hemoglobin (g/L) 130 (118, 141) 127 (115, 139) 2.378 0.017
Platelet count (x10°%/L) 175 (140, 214) 179 (143, 217) 1.377 0.169
Serum creatinine (umol/L) 71.3 (61.0, 83.7) 72.1 (60.6, 85.8) 1.000 0.317
Serum albumin (g/L) 40.39+3.89 39.79+3.87 3.515 <0.001
Serum globulin (g/L) 24.63+4.47 24.73+4.39 0.520 0.603
Operative variables
Cardiopulmonary bypass time (minutes) 105 (83, 133) 122 (93, 154) 8.286 <0.001
Aortic cross clamp time (minutes) 69 (52, 91) 80 (60, 109) 7.904 <0.001
Transfusion of red blood cells (units) 4.0(3.0,7.0) 4.5 (3.0, 8.0) 4.551 <0.001

POH, postoperative headache, HVS, heart valve surgery.
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Table 3 Multivariate analysis of independent risk factors for POH after HVS

Characteristic Coefficient Standard error OR (95% Cl) P value
Female 1.569 0.147 4.802 (3.596-6.411) <0.001
Smoking history 2.126 0.152 8.378 (6.223-11.279) <0.001
Hypertension 1.295 0.117 3.651 (2.903-4.594) <0.001
Headache history 2.302 0.156 9.997 (7.366-13.567) <0.001
LVEF (%) -0.057 0.007 0.945 (0.933-0.958) <0.001
CPB time (minutes) 0.009 0.001 1.009 (1.007-1.011) <0.001
Intercept -2.313 0.482 0.099 <0.001

POH, postoperative headache; HVS, heart valve surgery; Cl, confidence interval; CPB, cardiopulmonary bypass; LVEF, left ventricular

ejection fraction; OR, odds ratio.
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Figure 2 Nomogram for the prediction of postoperative headache in patients undergoing heart valve surgery. LVEF, left ventricular ejection

fraction; CPB, cardiopulmonary bypass.

based on the multivariate analysis (Figure 54). The model
was developed using data from all the 3,853 patients,
and was validated using only internal validation with
1,000 bootstrap resamples. The calibration was good by
visual inspection (Figure 5B). The AUC was 0.792 (95%
ClI, 0.775-0.808), indicating reasonable discrimination
(Figure 5C).

Clinical utility of the two models

To assess the clinical utility of the risk prediction models,
decision curve analyses were performed along with graphical
decision curves and clinical impact curves. The decision

© Journal of Thoracic Disease. All rights reserved.

curves of both the preoperative model and the full model in
the training and validation sets demonstrated that compared
with “intervention for all” or “no intervention” strategies,
our risk prediction models could obtain more clinical net
benefits when the risk threshold was between 0.05 and 0.80
(Figure 6A). The clinical impact curves also illustrated that
both models had remarkable predictive power and exhibited
good clinical utility (Figure 6B,C,D).

Outcome

POH developed in 1,061 of the 3,853 patients (27.5%). The
overall mortality rate was 2.9% (112/3,853), with a rate of
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the training set and 0.814 (95% CI, 0.787-0.841) in the validation
set. The difference between the two AUCs was not significant
(P=0.90). AUC, area under the receiver operating characteristic
curve; CI, confidence interval; ROC, receiver operating

characteristic.

4.3% in patients with POH versus 2.4% in those without
POH [odds ratio (OR) =1.872, P=0.001]. In addition,
POH was associated with a significantly higher rate of
postoperative pneumonia, reintubation and tracheotomy.
The postoperative duration of mechanical ventilation, ICU
and hospital stay also extended significantly in patients with
POH. Comparisons of postoperative variables between
patients with and without POH after HVS are presented in
Table 5.

© Journal of Thoracic Disease. All rights reserved.

Discussion

POH has been considered related to increased morbidity
and mortality (4-8), which was reaffirmed by the results
of our study. The incidence of POH after HVS was
27.5%. The overall mortality rate was 2.9%. However,
the mortality rate in patients with POH was significantly
higher than that in patients without POH. In addition,
significantly higher rates of postoperative pneumonia,
reintubation and tracheotomy, and longer postoperative
durations of mechanical ventilation, ICU and hospital stay
were observed in patients with POH. The higher morbidity
and mortality in patients with POH emphasized the need
of identifying independent risk factors and developing
prediction models.

There have been several studies that looked at the risk
factors for POH after surgical procedures in other diseases
(6,13,18,19,21). However, studies conducted in patients
undergoing cardiac surgery are still lacking in this field. To
our knowledge, the work that we report represents the first
clinical prediction model for POH after HVS.

In this study, we used data from 3,853 patients who
underwent HVS at our institution to develop and validate
a full prediction model and a preoperative model for POH.
In the full model, six independent predictors associated with
the development of POH were identified by multivariate
logistic regression analysis, including female, smoking
history, hypertension, headache history, LVEF, and CPB
time. In the preoperative model, in addition to the five
preoperative variables identified above, WBC and albumin
were also identified as independent predictors. Nomograms
based on the multivariate logistic regression models were
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Table 4 Multivariate analysis of independent preoperative risk factors for POH after HVS

Wang et al. Nomogram for POH following HVS

Characteristic Coefficient Standard error OR (95% Cl) P value
Female 1.520 0.119 4.574 (3.623-5.775) <0.001
Smoking history 2.094 0.122 8.113 (6.382-10.315) <0.001
Hypertension 1.276 0.092 3.581 (2.988-4.292) <0.001
Headache history 2.156 0.124 8.640 (6.775-11.019) <0.001
LVEF (%) -0.051 0.005 0.950 (0.940-0.960) <0.001
WBC (x10%L) 0.040 0.019 1.041 (1.003-1.081) 0.033
Albumin (g/L) -0.030 0.011 0.970 (0.950-0.991) 0.005
Intercept -0.480 0.564 0.619 0.394

POH, postoperative headache; HVS, heart valve surgery; Cl, confidence interval; OR, odds ratio; LVEF, left ventricular ejection fraction;

WBC, white blood cell.
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Figure 5 Nomogram of the preoperative prediction model (A) and corresponding calibration plot (B) and ROC curve (C). Good calibration

and discrimination can be observed. LVEF, left ventricular ejection fraction; WBC, white blood cell.
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Figure 6 Decision curve analysis of both the preoperative model and the full model in the training and validation sets. (A) Decision curves
of the full model in the training set (red line) and the validation set (blue line), and the preoperative model (yellow line) are shown. The “All”
lines assume all patients are at high risk of POH and therefore prevent or treat everyone. The “None” line assumes all patients are at low risk
of POH and therefore prevent or treat no one. The vertical axis displays net benefit and the horizontal axis shows the threshold probability.
Clinical impact curves of the full model in the training set (B) and the validation set (C), and the preoperative model (D) are shown. Of 1,000
patients, the red lines show the total number that would be deemed high risk for each risk threshold. The blue lines show how many of

those would be true positives (cases). The two horizontal axes show the correspondence between risk threshold and cost:benefit ratio. POH,

postoperative headache.

then constructed. Both nomogram models showed good
discrimination and calibration. The decision and clinical
impact curves of the nomogram models also indicated
remarkable predictive power and good clinical utility.
Although significant predictors for POH after surgery
vary considerably in different reports, female gender as an
independent risk factor for POH has been widely identified

© Journal of Thoracic Disease. All rights reserved.

in the literature (10,13,18,20,26,27), which was reconfirmed
by our results. Paraskevi and colleagues reported that
compared with male patients, the risk of POH increased
significantly in female patients (OR =2.1, P=0.024) (13).
They believed that hormones and psychological factors
may be responsible for the sex difference (28-30). Myles
and colleagues found that females were 2.3 times more
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Table 5 Postoperative variables in patients with and without POH after HVS

Variables All patients (n=3,853) Without POH (n=2,792)  With POH (n=1,061) v/Z P value
Postoperative pneumonia 316 (8.2) 186 (6.7) 130 (12.3) 31.918 <0.001
Reintubation 157 (4.1) 101 (3.6) 56 (5.3) 5.424 0.020
Tracheotomy 71(1.8) 38 (1.4) 33 (3.1) 13.006 <0.001
Mechanical ventilation (h) 22 (19, 42) 22 (18, 40) 25 (20, 46) 7.570 <0.001
Readmission to ICU 137 (3.6) 90 (3.2) 47 (4.4) 3.262 0.071
ICU stay (days) 3(2,5) 32,4 3(2,5) 8.327 <0.001
Hospital stay (days) 14 (11, 19) 14 (11, 18) 15 (11, 20) 5.089 <0.001
Mortality 112 (2.9) 66 (2.4) 46 (4.3) 10.590 0.001

POH, postoperative headache; HVS, heart valve surgery; ICU, intensive care unit.

likely to report POH (27). They hypothesized that males
experienced a similar rate of POH in fact but under-
reported them. Expression of emotions such as pain or
headache was more socially acceptable for women and thus
they were more willing to describe them. However, males
were often encouraged not to express such emotions and
they were more likely to neglect these problems (27). In
addition, studies have shown that female patients were more
likely to find POH disabling and be adversely affected than
male patients (8,10).

Hypertension was also identified as a significant
predictor for POH in our analysis, consistent with previous
reports. Pamela and colleagues reported that hypertension
was closely related to migraine headache, and some
antihypertensive drugs may have beneficial effects on the
frequency and severity of the headache attacks (31,32).
Beta-blockers and calcium channel blockers have been
strongly recommended for the prophylaxis of POH in
patients with hypertension (33,34). Recently, the renin-
angiotensin system, which plays an important role in blood
pressure regulation, has been reported to be involved in
the pathogenesis of headache through susceptibility to
oxidative stress, neurogenic inflammation, endothelial
dysfunction, and neuromodulation of nociceptive
transmission. Angiotensin converting enzyme inhibitors
and angiotensin receptor blockers can also play a major
role in the prophylactic management of headache (35).
What’s more, a compelling genetic correlation between
blood pressure and migraine headache was identified
through a genetic correlation analysis using cross-trait
linkage disequilibrium score regression, suggesting that
neurovascular processes related to increased blood pressure
may underlie headache (36).

© Journal of Thoracic Disease. All rights reserved.

Smoking history was another independent risk factor
for POH after HVS in this study. This was consistent with
previous reports (13). Paraskevi and colleagues found that
smoking was independently associated with POH (OR
=1.74, P=0.006). Although the specific mechanism remains
unclear, we speculate that it may be related to tobacco
withdrawal or vascular changes caused by smoking. Thus, it
should be strongly recommended to stop smoking both in
patients with high risk and in general population for general
health maintenance and long-term primary prevention.

Headache history was the most important predictor
identified in our analysis for the development of POH after
HVS. This was consistent with the results reported in the
literature (10,21,37). Valentinis and colleagues reported that
a longstanding headache history was the only significant
independent intrapersonal risk factor for the development
of POH (OR =3.07, P=0.01) (37). Yabuki and colleagues
reported that patients with preoperative headache had
higher pain levels and poorer quality of life after surgery
compared with patients without that (38). In view of the
significantly increased risk of POH, we believe that it may
be a reasonable strategy to take appropriate prophylactic
drugs early to prevent the development of POH in patients
with a history of headache (32).

The other four independent risk factors for POH
identified in this study have never been reported before,
including LVEF, WBC count, albumin, and CPB time.
Low LVEF often means poor cardiac function, which may
lead to decreased blood pressure and headache. Paraskevi
and colleagues found that intraoperative hypotension
was independently associated with POH (13). Improving
cardiac function before surgery may help to reduce POH.
The elevation of WBC count was significantly associated
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with the development of POH in the preoperative model,
which may have relationship with the acute phase systemic
inflammatory response. Furthermore, a genetic correlation
between migraine headache and white blood cell count
was found by Katherine and colleagues, also indicating a
close association (36). Low preoperative albumin was also
identified as an independent predictor in the preoperative
model. Commonly, low serum albumin level is known as
an indicator of poor nutritional state which also means the
low levels of other nutrients. A recent review summarized
that the deficiency of various nutrients was associated with
migraine headache (39), which can partly account for our
results. Therefore, improving preoperative nutritional
status, including the use of some nutraceuticals, may play an
important role in POH prevention.

Not surprisingly, the duration of CPB was independently
associated with the development of POH in patients
undergoing HVS. Longer duration of CPB always means
longer duration of surgery, which is associated with a
prolonged forced position and larger doses of anaesthesia
drugs. Maria and colleagues reported that the duration of
surgery longer than four hours was associated with 3.7-fold
increased odds of POH (16). The use of anaesthesia drugs
was also reported to be associated with the development
of POH (13). In addition, the CPB itself can cause brain
damage and POH through several ways, which mainly
include cerebral hypoxia, edema, hemorrhage, and embolism
(40-42). Taking appropriate strategies to better protect the
brain during CPB may be effective in reducing POH (42).

Several other factors have been reported to be associated
with the development of POH after surgery in other
diseases but were not identified as significant predictors
in our analysis, including age (10,16,20,37,43), anaesthesia
drugs (13), depression and anxiety disorders (9,44), and
caffeine withdrawal (45). The big difference of the risk
factors for POH in patients undergoing HVS and surgery for
other diseases further emphasized the necessity of this study.

Our nomogram models may play an important role in
predicting individualized risk and may have clinical utility in
the reduction of POH after HVS. Appropriate preventative
measures and specific interventions targeting high-risk
populations identified by the nomogram models may
produce great clinical and economic benefits.

There were several limitations in this study. First of all,
this was a single-center study. Although the full prediction
model was well validated in the independent validation set,
the absence of external validation in the dataset of other
centers may limit its generalizability. Second, some potential
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predictors that may relate to the occurrence of POH were not
included in our analysis, such as anxiety disorders and caffeine
withdrawal. Third, the duration of this study was relatively
short and limited to the hospitalization period. Long-term
follow-up after discharge was not performed, which may
underestimate the true incidence of POH after HVS. Fourth,
we included POH as the primary endpoint, but the type and
severity of POH were not evaluated in this study. Multicenter
studies with larger sample sizes are required to overcome these
weaknesses and to better study the predictors of POH.

Conclusions

POH was prevalent in patients undergoing HVS. To our
knowledge, this is the first study to identify predictors
and develop multivariate prediction models for POH in
patients undergoing HVS. In this study, we developed and
validated a full nomogram model using preoperative and
intraoperative predictors, and a preoperative model using
only preoperative predictors. Both of the two nomogram
models performed well in terms of discrimination and
calibration. The decision and clinical impact curves also
indicated remarkable predictive power and good clinical
utility. Through individualized risk assessment and
identification of high-risk patients, the nomogram models
can help inform clinician-patient decision-making. The
potential clinical applications lie in risk modification and
targeted interventions to reduce the incidence of POH in
patients undergoing HVS.
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