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Nomogram for Postoperative Headache in
Adult Patients Undergoing Elective Cardiac
Surgery
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Anchen Zhang

BACKGROUND: Postoperative headache (POH) is frequent after cardiac surgery; however, few studies on risk factors for POH
exist. The aims of the current study were to explore risk factors related to POH after elective cardiac surgery and to establish
a predictive system.

METHODS AND RESULTS: Adult patients undergoing elective open-heart surgery under cardiopulmonary bypass from 2016 to
2020 in 4 cardiac centers were retrospectively included. Two thirds of the patients were randomly allocated to a training set
and one third to a validation set. Predictors for POH were selected by univariate and multivariate analysis. POH developed in
3154 of the 13 440 included patients (23.5%) and the overall mortality rate was 2.3%. Eight independent risk factors for POH
after elective cardiac surgery were identified, including female sex, younger age, smoking history, chronic headache history,
hypertension, lower left ventricular ejection fraction, longer cardiopulmonary bypass time, and more intraoperative transfusion
of red blood cells. A nomogram based on the multivariate model was constructed, with reasonable calibration and discrimina-
tion, and was well validated. Decision curve analysis revealed good clinical utility. Finally, 3 risk intervals were divided to better
facilitate clinical application.

CONCLUSIONS: A nomogram model for POH after elective cardiac surgery was developed and validated using 8 predictors,
which may have potential application value in clinical risk assessment, decision-making, and individualized treatment associ-
ated with POH.
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of morbidity, mortality, and disease burden in the

world, with a steady increase in prevalence lev-
els and health care costs."? Although much progress
has been made in the development of pharmaceutical
science and technology in recent years, surgical inter-
ventions remain an important and effective treatment
option for severe cardiovascular diseases.>* Elective
procedures constitute the majority of cardiac oper-
ations performed every day all over the world; how-
ever, there is a significant proportion of patients who

Cardiovascular diseases remain the leading cause

experience headache after elective cardiac surgery
(ECS) according to clinical observations.
Postoperative headache (POH) is a common sur-
gical complication, related to increased morbidity,
decreased quality of life, prolonged hospitalization,
and higher health care costs.>=° The prevalence rates
of POH after surgery varied widely among different
surgical types in the literature.”'® Presently, some
studies aiming to explore risk factors for POH have
been conducted in patients who underwent non-
cardiac surgery.’>2° Several significant risk factors
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CLINICAL PERSPECTIVE

What Is New?

e Postoperative headache is prevalent follow-
ing elective cardiac surgery, portending poorer
clinical outcomes.

e Using data from 13 440 patients who under-
went elective cardiac surgery in 4 tertiary care
centers, we identified 6 preoperative and 2 in-
traoperative predictors for postoperative head-
ache after elective cardiac surgery, including
female sex, younger age, smoking history,
chronic headache history, hypertension, lower
left ventricular ejection fraction, longer cardio-
pulmonary bypass time, and more intraopera-
tive transfusion of red blood cells.

e This is the first report that describes the pre-
dictors for postoperative headache after elec-
tive cardiac surgery and the first construction
and validation of a clinical prediction model
worldwide.

What Are the Clinical Implications?

e The nomogram model may be helpful for clinical
decision-making and risk modification through
individualized risk estimation and identification
of high-risk patients.

e Appropriate preventive measures and specific
interventions targeting high-risk patients iden-
tified by the nomogram may be more efficient
and may yield more net clinical benefits.

Nonstandard Abbreviations and Acronyms

CPB cardiopulmonary bypass
ECS elective cardiac surgery
POH postoperative headache
RBC red blood cell

associated with POH have been reported, such as
female sex and smoking history.'>'"2" Nevertheless,
there is little information regarding the development
of POH in patients undergoing cardiac surgery, even
if just used as a secondary outcome.? To the best of
our knowledge, there are no previous studies aiming
to explore risk factors for POH after ECS, not to men-
tion the development and validation of a risk predic-
tion model.

The purposes of this study were first to identify
significant predictors for the development of POH in
adults who underwent open ECS under cardiopulmo-
nary bypass (CPB), and second to develop and val-
idate an intuitive and practical nomogram model to
provide help for early risk assessment and prevention.
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METHODS

The data that support the findings of this study are
available from the corresponding author on reason-
able request.

Ethical Statement

This study was conducted in accordance with the ethi-
cal statement of the Declaration of Helsinki, and was
approved by the ethics committee of Tongji Medical
College of Huazhong University of Science and
Technology (IORG number IORG0O003571). Written in-
formed consent was waived because of its retrospec-
tive, observational nature.

Study Population

We conducted a multicenter, retrospective, observa-
tional study that included consecutive adult patients
(aged >18 years) who underwent open ECS under
CPB in 4 tertiary care centers between 2016 and
2020. Exclusion criteria included: (1) emergent car-
diac surgery; (2) intraoperative death or postoperative
unconsciousness; and (3) organ transplantation, im-
mune deficiency, or immunosuppression. The remain-
ing patients were categorized into 2 groups based on
whether they had at least 1 episode of headache dur-
ing postoperative hospitalization.

Data Collection and Variables

Clinical data collection was completed using the elec-
tronic medical record management systems of the
hospitals. Demographics, comorbidities, laboratory
examination results, operative variables, and post-
operative outcomes were collected and compared.
Demographics included age, sex, body mass index,
drinking, and smoking history. Comorbidities included
hypertension, diabetes, chronic headache history, cer-
ebrovascular disease, chronic obstructive pulmonary
disease, peripheral vascular disease, gastrointestinal
tract disease, renal insufficiency, pulmonary artery hy-
pertension, atrial fibrillation, pericardial effusion, left
ventricular ejection fraction (LVEF), and general and
cardiac surgery history. Laboratory examination results
included red blood cell (RBC) count, white blood cell
count, hemoglobin, serum albumin, globulin, and creati-
nine levels. Operative variables included the volume of
RBC transfusion, the lengths of CPB, and aortic cross
clamp. Postoperative outcomes included mortality, re-
admission to intensive care unit (ICU), reintubation, tra-
cheotomy, and the lengths of ICU and hospital stays.

Definitions of Important Variables

The diagnosis of POH in this study was based on
a self-reported or physician-diagnosed headache



Wang et al

identified in the electronic medical records, including
disease course and nursing records. Smoking his-
tory was defined as previous daily or current smok-
ing. Body mass index was calculated based on weight
and height. Hypertension was defined as systolic
blood pressure >140 mm Hg, diastolic blood pressure
>90 mm Hg, or having a previous history of hyperten-
sion. Chronic headache history was defined as self-
reported or recorded migraine or any other kind of
recurrent headache. Diabetes was defined as random
glucose >11.1 mmol/L, fasting glucose >7.0 mmol/L, a
prior history of diabetes, and/or receiving antidiabetic
therapy. Chronic obstructive pulmonary disease was
defined according to self-report, previous diagnosis, or
forced expiratory volume in the first second of expira-
tion/forced vital capacity <0.7.

Statistical Analysis

We randomly divided cases into the training set and the
validation set at a ratio of 2:1. The training set was used
for model development, whereas the validation set was
used for model validation. Continuous variables were
presented as mean+SD when normally distributed and
medians with interquartile ranges when non-normally
distributed. Categorical variables were expressed as
frequencies with percentages. For univariate analy-
sis, continuous variables were analyzed by Student ¢
test when normally distributed and Mann-Whitney U
test when non-normally distributed, and categorical
data were analyzed by chi-square test or Fisher exact
test. Multiple imputation was used to handle missing
data. Continuous variables were imputed using linear
regression (or predictive mean matching if skewed),
and categorical variables were imputed using logistic
regression. Univariate logistic regression analysis was
performed first to screen possible risk factors. Factors
with P<0.1 were further analyzed to identify independ-
ent predictors by forward stepwise multivariate logis-
tic regression. A nomogram based on the multivariate
model was then established.

Internal validation of the nomogram was assessed
using bootstrap with 1000 replicates. External valida-
tion was performed in the validation set. Calibration
was assessed by both visual inspection and Hosmer-
Lemeshow goodness-of-fit test. Discrimination was
assessed by the area under the receiver operating
characteristic curve. Clinical usefulness was assessed
by decision curve analysis. The area under the curves
of the training and validation sets were compared using
the Delong method.?® Propensity score matching was
applied to balance important patient characteristics
between groups using a greedy-nearest-neighbor
matching algorithm without replacement, with an al-
gorithm of 1:1 matching (caliper width of 0.02 on the
propensity score scale).
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Statistical analyses were performed using R soft-
ware (version 4.0.4, www.R-project.org/) and SPSS
(version 26.0, IBM). Two-tailed P values <0.05 were
considered statistically significant.

RESULTS

Demographic Characteristics

Among the 15 207 adults who underwent cardiac sur-
gery, 1189 patients experienced emergency proce-
dures; 548 patients experienced immunosuppression,
immune deficiency, or organ transplantation; and 30
patients died intraoperatively or lapsed into uncon-
sciousness postoperatively. The remaining 13 440
patients met the inclusion criteria and were evaluated
further (Figure 1). The mean age of the included pa-
tients was 51.61+13.15 years and 53.9% were men. The
overall morbidity rate of POH after ECS was 23.5%.
The population involved in this study had multiple co-
morbidities and different patient details. Smoking history
was found in 27.0%, hypertension in 24.9%, drinking
history in 20.1%, atrial fibrillation in 19.4%, chronic ob-
structive pulmonary disease in 11.5%, chronic head-
ache history in 10.8%, gastrointestinal tract disease in
8.2%, diabetes in 7.9%, and cardiac surgery history in
6.9% of patients. Isolated valve surgery was performed
for 62.5% of the patients, mixed valve and coronary sur-
gery for 11.0%, isolated coronary artery bypass graft-
ing for 9.3%, and other types for 17.2%. The average
lengths of CPB and aortic cross clamp were 108 min-
utes (interquartile range, 86—139 minutes) and 67 min-
utes (interquartile range, 47-88 minutes), respectively.
RBC was transfused in 72.0% of the patients, with an
average volume of 1.0 units (interquartile range, 0-3.0
units). There was no significant difference with respect
to baseline characteristics and surgical factors between
the training and validation sets (Table 1).

Nomogram Development

In the training set, univariate analysis was first used
to filtrate possible indicators for POH after ECS and
the results are presented in Table 2. Colinearity be-
tween variables was checked before further analysis.
Variables with P<0.1 in the univariate analysis were
further analyzed using multivariate logistic regression.
By a stepwise forward regression procedure, 8 signifi-
cant predictors were identified in the final multivariate
model, including female sex, younger age, smoking
history, chronic headache history, hypertension, lower
LVEF, longer CPB time, and more intraoperative trans-
fusion of RBC (Table 3). A nomogram based on these
risk factors was then established to predict the risk of
POH after ECS (Figure 2). Regression coefficients of
these factors were combined into a score ranging from
0 to 100 depending on their relative importance.
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Assessed for eligibility
(n=15,207)

Excluded:

1. Emergent cardiac surgery
(n=1189)

2. Intraoperative death or
postoperative unconsciousness

Y

Cases meeting inclusion
criteria (n=13,440)

Y

(n=30)
3. Organ transplantation,
immune deficiency or

immunosuppression
(n=548)
v > Validation set (n=4480)
Training set (n=8960) T
—>> External validation
| Internal validation
Univarite and
Uiyl ateanatySIY —>» Decision curve analysis
3 Discrimination
Nomogram > Calibration

Figure 1. Flow chart of the study.

The nomogram-predicted probability of POH after
ECS ranged widely. By summing all the points, the
personalized risk of POH after ECS can be easily and
directly evaluated. Young women with a history of smok-
ing, hypertension, chronic headache, lower LVEF, longer
CPB duration, and more intraoperative RBC transfusion
may have higher scores and therefore are at a higher
risk of POH. A specific example is illustrated in Figure 2.

Nomogram Validation and Assessment

The results of internal and external validations indicated
that the nomogram had good predicative performance.
The calibration was good by both visual inspection
and goodness-of-fit test, with a Hosmer-Lemeshow
chi-square statistic of 8.772 (P=0.362, Figure 3A) in
the training set and 8.121 (P=0.422, Figure 3B) in the
validation set. The discrimination was assessed by plot-
ting receiver operating characteristic curves, with an
area under the curve of 0.833 (95% CI, 0.823-0.842)
in the training set and 0.838 (95% ClI, 0.824-0.852) in

the validation set (Figure 3C). The 2 receiver operating
characteristic curves showed no significant difference
(P=0.516). The clinical usefulness was evaluated by
plotting decision and clinical impact curves. The deci-
sion curves suggested that compared with strategies
that either no or all patients received intervention, more
significant clinical net benefits could be achieved by the
nomogram (Figure 3D). The clinical impact curves also
indicated reasonable predictive power and showed
good clinical utility (Figure 3E and 3F).

Risk Stratification

Based on the nomogram and clinical practice, we per-
formed risk stratification (Table 4). Three risk intervals
were defined as low-, medium-, and high-risk groups,
corresponding to predicted probabilities of <0.1, 0.1 to
0.4, and >0.4. The scores on the nomogram were <282
points, 282 to 315 points, and >315 points, respectively.
In this study, 37.1% of the patients were divided into the
low-risk group, 42.3% into the medium-risk group, and
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Table 1.

Training and Validation Sets

Comparison of Characteristics Between the

Training set Validation set
Characteristics n=8960 (%) n=4480 (%) P value
Demographics
Men 4822 (53.8) 2420 (54.0) 0.826
Age, y 51.51+13.13 51.79+13.19 0.241
Body mass index, 23.11+3.29 23.14+3.31 0.560
kg/m?
Smoking history 2395 (26.7) 1239 (27.7) 0.254
Drinking history 1812 (20.2) 896 (20.0) 0.761
Underlying conditions
Hypertension 2243 (25.0) 1107 (24.7) 0.683
Diabetes 682 (7.6) 377 (8.4) 0.103
Chronic headache 966 (10.8) 487 (10.9) 0.875
history
Chronic obstructive 1047 (11.7) 495 (11.0) 0.275
pulmonary disease
Cerebrovascular 1576 (17.6) 774 (17.3) 0.653
disease
Peripheral vascular 1993 (22.2) 965 (21.5) 0.354
disease
Renal insufficiency 652 (7.3) 325 (7.3) 0.963
Gastrointestinal tract 753 (8.4) 349 (7.8) 0.221
disease
Atrial fibrillation 1718 (19.2) 890 (19.9) 0.339
Cardiac surgery 626 (7.0) 308 (6.8) 0.631
history
General surgery 2577 (28.8) 1344 (30.0) 0.136
history
Pulmonary artery 2610 (29.1) 1308 (29.2) 0.936
hypertension
Pericardial effusion 1146 (12.8) 603 (13.5) 0.277
NYHA class Il or IV 1509 (16.8) 779 (17.4) 0.426
LVEF, % 62 (57-67) 62 (57-67) 0.682
Laboratory values
White blood cell count, | 5.68 (4.73-6.79) | 5.64 (4.70-6.84) | 0.577
x10%/L
RBC count, x10'?/L 4.29 (3.93-4.66) | 4.30 (3.94-4.66) | 0.440
Hemoglobin, g/L 118 (106-129) 130 (118-141) 0.259
Red cell distribution 141 (11.6-15.7) |14.1 (11.6-15.7) |0.182
width, %
Serum creatinine, 60.5 (63.1-71.1) | 60.5 (63.2-71.4) | 0.522
pmol/L
Serum albumin, g/L 40.6 (38.3-42.9) | 40.7 (38.3-42.9) | 0.918
Serum globulin, g/L 24.2 (21.6-271) | 24.3 (21.5-271) | 0.551
Operative variables
Surgical types 0.649
Isolated valve 5598 (62.4) 2800 (62.5)
surgery
Isolated coronary 850 (9.5) 400 (8.9)
artery bypass
grafting
Mixed valve and 992 (11.1) 493 (11.0)
coronary surgery
Other types 1520 (17.0) 787 (17.6)
(Continued)
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Table 1. Continued
Training set Validation set
Characteristics n=8960 (%) n=4480 (%) P value
Cardiopulmonary 100 (77-130) 99 (76-129) 0.210
bypass time, min
Aortic cross clamp 67 (48-89) 66 (47-87) 0.190
time, min
Transfusion of RBCs, 1(0-3) 1(0-3) 0.126
units

LVEF indicates left ventricular ejection fraction; NYHA, New York Heart
Association; and RBC, red blood cell.

20.6% into the high-risk group. Comparison of the 3
risk groups between the predicted probabilities by the
nomogram and the observed probabilities in the train-
ing and validation sets are plotted in Figure 4, demon-
strating favorable consistency.

Outcomes

The results of univariate analysis showed that patients
with POH had higher probabilities of pneumonia, reintu-
bation, tracheotomy, readmission to ICU, and mortality,
and longer lengths of ICU and hospital stay (Table 5).
To further evaluate the relationship between POH and
outcomes, propensity score matching was performed,
yielding 2390 matched pairs of patients. In this study
population, the differences of pneumonia, reintubation,
and lengths of ICU and hospital stay remained signifi-
cant between patients with and without POH. However,
the statistical differences between the 2 groups were
eliminated with regard to tracheotomy, readmission to
ICU, and mortality, despite the fact that absolute num-
ber and rates were slightly higher in patients with POH.
Details of comparison are presented in Table 6.

DISCUSSION

POH has been thought to be associated with increased
risk of morbidity and prolonged hospitalizations,®"®
which was further affirmed by the results of the present
study. The morbidity rate of POH after ECS was 23.5%
and the overall mortality rate was 2.3%. The rates of
tracheotomy, readmission to ICU, and mortality were
significantly higher in patients with POH by univariate
analysis, but the difference disappeared after propen-
sity score matching. Nevertheless, the rates of pneu-
monia and reintubation remained significantly higher
and the lengths of ICU and hospital stay remained sig-
nificantly longer in patients with POH. The increased
risk of these poor outcomes in patients with POH after
ECS highlighted the need to identify significant risk fac-
tors and high-risk populations.

Globally, much research has been conducted to ex-
plore risk factors for POH in patients who underwent
noncardiac surgery,®'51%18.20 whereas available reports
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Table 2. Univariate Analysis of Possible Risk Factors for
POH After Elective Cardiac Surgery in the Training Set

Without POH With POH

Characteristics n=2161 (%) n=6799 (%) P value
Demographics

Men 3719 (54.7) 11083 (51.0) 0.003

Age, y 51.81£13.13 50.58+13.08 <0.001

Body mass index, kg/ | 23.08+3.28 23.21£3.32 0.113

mZ

Smoking history 1660 (24.4) 735 (34.0) <0.001

Drinking history 1323 (19.5) 489 (22.6) 0.001
Underlying conditions

Hypertension 1501 (22.1) 742 (34.3) <0.001

Diabetes 483 (7.1) 199 (9.2) 0.001

Chronic headache 600 (8.8) 366 (16.9) <0.001

history

Chronic obstructive 708 (10.4) 339 (15.7) <0.001

pulmonary disease

Cerebrovascular 1206 (17.7) 370 (17.1) 0.512

disease

Peripheral vascular 1513 (22.3) 480 (22.2) 0.968

disease

Renal insufficiency 418 (6.1) 234 (10.8) <0.001

Gastrointestinal tract 592 (8.7) 161 (7.5) 0.067

disease

Atrial fibrillation 1191 (17.5) 527 (24.4) <0.001

Cardiac surgery history | 398 (5.9) 228 (10.6) <0.001

General surgery history | 1928 (28.4) 649 (30.0) 0.134

Pulmonary artery 1946 (28.6) 664 (30.7) 0.061

hypertension

Pericardial effusion 799 (11.8) 347 (16.1) <0.001

NYHA class Il or IV 908 (13.4) 601 (27.8) <0.001

LVEF, % 63 (59-67) 59 (564-63) <0.001

Laboratory values

White blood cell count,
x10%/L

5.64 (4.70-6.75) | 5.77 (4.78-6.85) | 0.009

RBC count, x10'2/L 4.31(3.95-4.67) | 4.24 (3.88-4.62) | <0.001

Hemoglobin, g/L 130 (119-142) 127 (116-139) <0.001

Red cell distribution
width, %

141 (11.6-15.7) | 14.3(11.7-15.8) |0.023

Serum creatinine,
pmol/L

70.9 (60.7-83.3) | 71.3 (59.8-85.6) | 0.205

Serum albumin, g/L 40.7 (38.5-42.9) | 40.4 (38.0-42.7) | <0.001

Serum globulin, g/L 24.2 (21.6-27.0) |24.4 (21.8-27.4) | 0.004
Operative variables
Surgical types <0.001
Isolated valve 4358 (64.1) 1240 (57.4)
surgery
Isolated coronary 612 (9.0) 238 (11.0)
artery bypass
grafting
Mixed valve and 594 (8.7) 398 (18.4)
coronary surgery
Other types 1235 (18.2) 285 (13.2)
(Continued)
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Table 2. Continued

Without POH With POH

Characteristics n=2161 (%) n=6799 (%) P value

Cardiopulmonary 94 (73-119) 127 (104-156) <0.001

bypass time, min

Aortic cross clamp 62 (44-82) 85 (66-108) <0.001

time, min

Transfusion of RBCs, 1.0 (0-2.5) 2.5(1.0-4.5) <0.001

units

LVEF indicates left ventricular ejection fraction; POH, postoperative
headache; and RBC, red blood cell.

involving cardiac surgery are limited in this area. As far
as we know, this is the first report that describes the
predictors for POH after ECS and the construction of
a clinical prediction model worldwide. In this study, we
used data from 13 440 patients who underwent ECS in
4 tertiary care centers to develop and validate a predic-
tion model for POH. By multivariate logistic regression
analysis, 6 preoperative and 2 intraoperative predic-
tors were considered to be closely related to the oc-
currence of POH. A nomogram was then established
on the basis of these predictors, which demonstrated
excellent discrimination, calibration, and clinical utility.
Finally, we defined 3 risk groups to better facilitate clini-
cal application according to the nomogram and clinical
practice.

The reported predictors for POH differed greatly
in different types of surgery; however, female sex and
younger age have been widely recognized as indepen-
dent risk factors in the literature,'®"19-24-26 which was in
agreement with our results. Kim and colleagues?®’ con-
ducted a large retrospective study in patients undergo-
ing spinal and neuraxial anesthesia procedures, finding
that there were significant differences for sex (P=0.034)
and age (P=0.016) between patients with or without
headache after surgery. Female sex and younger age
were identified as independent risk factors for POH by
multivariate logistic regression analysis. Similar results
were also observed in a prospective study conducted
by Liang and colleagues'® in patients undergoing en-
doscopic endonasal procedures with lumbar drainage.
They found that patients in the headache group were
significantly younger than those in the control group
(33.0 versus 583.5 years, P=0.014), and there was a
near-significant trend toward a higher incidence of
headache in women (85.7% versus 47.9%, P=0.062). A
review conducted by Bezov and colleagues? indicated
that the risk of POH was highest in 20- to 30-year-olds,
who were 3 to 5 times more likely to develop POH than
those older than 60 years. They also reported that
women had almost twice the risk of developing a POH
in comparison with men.

The age- and sex-related difference in POH are mul-
tifactorial, and some possible mechanisms have been
proposed, including pain perception, psychosocial
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Table 3. Multivariate Analysis of Independent Risk Factors for POH After Elective Cardiac Surgery

Characteristics Coefficient SE OR (95% ClI) P value
Female sex 1.071 0.076 2.920 (2.518-3.386) <0.001
Age, y -0.056 0.003 0.945 (0.941-0.950) <0.001
Smoking history 1.004 0.080 2.729 (2.332-3.195) <0.001
Chronic headache history 1.282 0.092 3.605 (3.011-4.317) <0.001
Hypertension 1.019 0.071 2.771 (2.410-3.186) <0.001
LVEF, % -0.089 0.004 0.915 (0.908-0.922) <0.001
Cardiopulmonary bypass time, min 0.018 0.001 1.019 (1.017-1.020) <0.001
Intraoperative transfusion of RBCs, units 0.322 0.015 1.379 (1.340-1.420) <0.001

LVEF indicates left ventricular ejection fraction; OR, odds ratio; POH, postoperative headache; and RBC, red blood cell.

factors, and hormones influence.?® In terms of pain per-
ception, younger patients and women seem to be more
sensitive than older patients and men.?® Furthermore,
younger patients and women are more likely to report
pain, which may be because such emotional expres-
sion was more socially acceptable in these patients
and therefore they were more likely to report them.?8 In
addition, fluctuating hormones in the menstrual cycle
and hormone-related differences in cerebral vessel

reactivity have long been recognized to be responsible
for the development of various headaches.30-32
Chronic headache history was another independent
risk factor for the development of POH after ECS in
our analysis, consistent with previous reports.?%25:33.34
Riley and colleagues® reviewed patients who under-
went thoracoabdominal aortic aneurysm repair, finding
that patients with preoperative headache history were
more likely to develop a POH than those without (27.9%

Intraoperative transfusion of RBC (units)

Points 5 N » TG'O 80 100
| I |
Chronic headache history | e
I I Yes
| I
| 1
Hypertension |
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| |
|
Smoking history !
l veg
|
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|
|
|
|
|

bt 2 3 4 5 6 7 8 9 10
| ]
|
LVEF, % . : —————— : : : : : :
80 75 70 65 | 60 50 45 40 35 30 25
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|
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20 60 100 140 180 220 260 300
. 3
Total points 5, 250 300 350 400 450
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Probability 0003 0008  0.025 0.08 03 07 09 0.965 0.99 0.997
Figure 2. Nomogram for the prediction of postoperative headache in patients undergoing elective cardiac surgery.

A specific case is presented to show the use of the nomogram. This was a 63-year-old woman who did not smoke but had a chronic
headache history, hypertension, and a left ventricular ejection fraction (LVEF) of 67%. The duration of cardiopulmonary bypass (CPB)
was 100 minutes and the transfused red blood cell (RBC) count was 1 unit. The corresponding points of the predictors are represented
by red dots. The total points for this patient was 306, corresponding to a probability of 0.290 for developing postoperative headache.
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Figure 3. Assessment of the nomogram model for postoperative headache (POH) after elective cardiac surgery (ECS).
Calibration plots in the training set (A) and the validation set (B), receiver operating characteristic (ROC) curves in the 2 sets (C),
decision curves in the 2 sets (D), and clinical impact curves in the training set (E) and the validation set (F). AUC indicates area under

the curve.

versus 8.3%, P<0.001). Ryzenman and colleagues?®
conducted a detailed questionnaire in patients under-
going acoustic neuroma surgery and reported that
preoperative headache could be an independent pre-
dictive factor for POH, and the frequency of POH was
significantly higher in those with preoperative head-
ache (odds ratio [OR], 1.4; P<0.01). In addition, the
pain levels of POH were higher and the quality of life
poorer in patients with headache history.3® Therefore,
taking prophylactic medications early may be a proper

Table 4. Risk Intervals of POH Based on the Nomogram

Low risk Medium risk
Risk (<282 (282-315 High risk
intervals points) points) (>315 points)
Estimated <10 10-40 >40
probability, %
Observed 51 (4.5-5.8) | 20.2(19.2-21.2) | 63.1 (61.3-64.9)
probability, %
(95% Cl)
No. of 4983 (37.1) 5687 (42.3) 2770 (20.6)
patients (%)

POH indicates postoperative headache.
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strategy to reduce the significantly increased probabil-
ity of POH in patients with headache history.%”

In addition to the above nonmodifiable risk factors,
several preoperative modifiable independent risk fac-
tors were also identified in this study, including smoking,
lower LVEF, and hypertension. This was in agreement
with the results of previous studies.®” Matsota and col-
leagues'™ conducted a prospective study in patients
with elective surgery and reported that smoking was
an independent predictor for developing POH, with
1.74-fold increased odds (P=0.006). The exact mech-
anism remains to be explored; nevertheless, smoking
cessation may be appropriate in both high-risk pa-
tients and the general population for the maintenance
of general health and primary prevention. Lower LVEF
often implies poorer cardiac function, which may result
in a decrease of blood pressure and insufficient blood
and oxygen supply. This is similar to the results from
Matsota et al’s study, in which they identified intraop-
erative hypotension as an independent risk factor for
POH, with an OR value of 2.12 (P=0.008).'® Therefore,
although not yet verified, we speculate that preoper-
ative improvement in cardiac function may contribute
to decreased POH. Hypertension has been reported
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Figure 4. Bar chart showing the consistency between
predicted and observed probabilities.

to be strongly associated with migraine headache,®®
and the severity and frequency of headache may be
relieved by some antihypertensive medications, such
as [3-blockers, calcium channel blockers, angiotensin-
converting enzyme inhibitors, and angiotensin receptor
blockers.®=#" Recently, Siewert and colleagues con-
ducted a genetic correlation analysis and identified a
close genetic correlation between migraine headache
and blood pressure, which revealed that neurovascular
processes associated with increased blood pressure
may be the basis of a headache.*?

Two intraoperative variables, CPB time and trans-
fusion of RBC, were also identified as independent
risk factors for POH in this study. It is not surprising
that CPB time is closely related to the occurrence of
POH, as longer CPB always implies longer surgery
time, larger intake doses of anaesthesia drugs, and
prolonged forced position. Hora and colleagues'®
reported that surgery duration lasting >4 hours was
significantly related to the occurrence of POH (OR,
3.7; P=0.019). Matsota and colleagues found that the
administration of sevoflurane was significantly asso-
ciated with a 3.66-fold increased risk of POH in pa-
tients with previous headache history and a 6.90-fold

Nomogram for POH

increased risk of POH in patients without headache
history."® Furthermore, the process of CPB itself can
lead to brain damage and POH in several ways, such
as hemodilution, cerebral edema, hypoxia, and embo-
lism.*3-4% Caldas and colleagues** conducted a sys-
tematic review in patients undergoing cardiac surgery
with CPB and reviewed the literature on cerebral he-
modynamic abnormalities, demonstrating that the im-
pairment of cerebral autoregulation during CPB may
play an important role in the development of neurolog-
ical complications. Thus, better brain protection during
CPB may be an effective strategy to reduce postoper-
ative complications and POH.*®

Transfusion of RBC has been reported to be asso-
ciated with adverse outcomes in the literature despite
it being common and lifesaving during cardiac sur-
gery.*®4" The underlying pathophysiological mecha-
nisms may be multifactorial. A randomized clinical trial
conducted by Sharon and colleagues*® found that
headache developed in a plasma treatment group while
it did not in the placebo group. Experimental hypoxia has
been confirmed to be associated with migraine head-
ache attacks,*® and we speculate that the decreased
oxygen-carrying capacity of the transfused RBC may
be a responsible reason for POH, which may result in
insufficient oxygen supply to the brain. Moreover, the
red cell distribution width is always increased after RBC
transfusion, which may impair microcirculation attribut-
able to the decrease of RBC deformability.*® Previous
studies have shown that red cell distribution width was
a predictor of perioperative stroke and multiple organ
dysfunction syndrome after cardiac surgery, which may
also associate with the development of POH.%%" |n ad-
dition, massive blood transfusion implies massive blood
loss. The reduction in the total amount of hemoglobin
and RBCs and the dilution of the blood can also lead
to insufficient oxygen supply to the brain. Clinical prac-
tice guidelines for blood transfusion management have
been published and updated and a restrictive transfu-
sion strategy has been recommended to reduce the risk
of adverse events.5>%3

Several other predictors for POH have been re-
ported in other diseases, such as body mass index.'>28

Table 5. Univariate Analysis of Outcomes in Patients With and Without POH After Elective Cardiac Surgery

All patients Without POH With POH
Variables N=13 440 (%) n=10 286 (%) n=3154 (%) P value
Pneumonia 954 (7.1) 401 (3.9) 553 (17.5) <0.001
Reintubation 465 (3.5) 220 (2.1) 245 (7.8) <0.001
Tracheotomy 186 (1.4) 83(0.8) 103 3.3) <0.001
Readmission to ICU 440 (3.3) 253 (2.5) 187 (56.9) <0.001
ICU stay, d 3(2-4) 3 (2-4) 4 (2-6) <0.001
Hospital stay, d 14 (11-18) 13 (10-17) 16 (12-21) <0.001
Mortality 306 (2.3) 138 (1.3) 168 (5.3) <0.001

ICU indicates intensive care unit; and POH, postoperative headache.
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Table 6. Analysis of the Relationship Between POH and
Outcomes After Propensity Score Matching

Without POH With POH
Variables n=2390 (%) n=2390 (%) P value
Pneumonia 171 (7.2) 339 (14.2) <0.001
Reintubation 104 (4.4) 135 (5.6) 0.040
Tracheotomy 44 (1.8) 51 (2.1) 0.468
Readmission to ICU 96 (4.0) 102 (4.3) 0.663
ICU stay, d 3(2-4) 3 (2-5) <0.001
Hospital stay, d 14 (11-19) 15 (11-20) <0.001
Mortality 78 (3.3) 87 (3.6) 0.476

ICU indicates intensive care unit; and POH, postoperative headache.

However, these variables were not identified as inde-
pendent risk factors for POH after ECS in our analy-
sis. In contrast, the identification of intraoperative RBC
transfusion volume as an independent risk factor for
POH has never been reported, even in surgery per-
formed for other diseases. The huge discrepancies in
independent predictors for POH between ECS and
surgery for other diseases further underscored the
need of this study.

The nomogram may play an immense role in individ-
ualized risk evaluation, risk stratification, identification
of high-risk patients, and risk modification. Appropriate
treatment aiming at high-risk populations identified by
the nomogram may bring more net benefits. In addition
to the preoperative precautions mentioned above, such
as smoking cessation, improvements in cardiac func-
tion, and blood pressure control with appropriate anti-
hypertensive drugs, prevention efforts during operations
are also important. Bezov and colleagues®® concluded
that operator experience was a modifiable risk factor for
POH. Indeed, this is the case, as indirectly evidenced
by our results. Besides the difficulty of the procedure it-
self, although not comprehensive, we acknowledge that
CPB time and blood loss can largely reflect the surgery
proficiency and experience of the operator. There is no
doubt that a well-trained operator requires shorter surgi-
cal time and less intraoperative transfusions than those
who are unskilled and inexperienced in the same situ-
ation. Hence, improving the operating experience and
proficiency of the operators may be a feasible and effec-
tive measure to reduce the incidence of POH and other
adverse events. In addition, current clinical evidence re-
veals that minimally invasive CPB has advantages over
traditional methods in the reduction of blood dilution and
better preservation of hematocrit, which may effectively
reduce blood transfusion requirements.%*

For the past few years, patients after cardiac sur-
gery did not routinely use analgesics in our hospi-
tals. Short-acting analgesics were used to solve pain
problems only when patients truly needed them.
Some patients may complain of wound pain or head-
ache; however, language-comforting and short-acting
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analgesics were sufficient to address these problems
in most cases and did not affect observations of other
indicators. We cannot deny that the use of short-
acting drugs may lead to underestimation of the true
incidence of POH, but it may be difficult to solve this
problem at this stage.

Previous studies have reported that POH was as-
sociated with adverse outcomes after surgery such as
readmission, poor quality of life, and additional eco-
nomic burden, and they believed that it was essential
to implement continuous assessment and targeted in-
tervention.%2" In this study, we found that POH was
significantly associated with higher rates of pneumonia
and reintubation and prolonged ICU and hospital stay.
There are no previous studies reporting the specific
pathogenesis and association; however, we speculate
that the fact that patients with POH are more reluctant
to cough or perform some airway cleaning work may
be responsible for the elevated probability of pneumo-
nia, which may significantly increase the risks of reintu-
bation and prolonged ICU and hospital stay.

Several limitations of this study should be men-
tioned. First, this was a retrospective study and the
diagnosis of POH was based on databases and med-
ical records. Although we have reviewed the entire
course of the diseases, we still cannot guarantee that
all patients with headache were recorded, which may
lead to an underestimation of true incidence. Second,
some possible predictors that may be associated with
POH development were not available in this study,
such as anxiety disorders and operator experience.
The bias may have occurred as a result of individual
technical expertise as the operations were not com-
pleted by a single surgeon. Even so, the nomogram
performed well in discrimination, calibration, and clin-
ical utility. Third, all recorded end point events were
limited to the hospitalization, and there was no long-
term follow-up after hospital discharge, which may
result in underestimation of true morbidity. Fourth,
the primary end point of this study was POH, but we
failed to evaluate the severity and type of POH be-
cause of retrospective limitations. Prospective study
with long-term follow-up and more detailed assess-
ment of headache type and severity may be more
meaningful in subsequent work.

CONCLUSIONS

POH was prevalent in patients undergoing ECS. As
far as we know, this work represents the first attempt
of the identification of independent predictors and the
development and validation of a clinical risk predic-
tion model for POH after ECS. Six preoperative and 2
intraoperative factors were identified as independent
predictors by multivariate analysis. A nomogram on
the basis of these predictors was constructed, which
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had excellent performance in terms of discrimination,
calibration, and clinical usefulness. Three risk groups
were divided to better facilitate clinical application.
The results of this work may be helpful for clinical
risk assessment, decision-making, and individualized
treatment.
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