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INTRODUCTION
Cranioplasty is a common surgical procedure shown 

to improve neurophysiologic functions by restoring the 

normal, closed, and fixed cranial vault.1–5 The cranioplasty 
procedure is not completely risk-free, as it has a postop-
erative mortality between 0.4% and 3.2% and morbidity 
ranging between 15.0% and 36.5%.5–8 Increasing patient 
age has traditionally been described as one of the key con-
tributors to the emergence of postoperative complications 
following cranioplasty.9

Frailty is a decrease in physiologic reserve due to the 
impaired function of multiple organ systems and is char-
acterized by a reduced ability to return to normal homeo-
stasis.10,11 In this context, patients identified as frail are 
more likely to experience postoperative complications 
than patients who are not frail.12 Across the spectrum of 
surgical specialties, including a large number of studies 
involving neurosurgery, frailty has been shown to be an 
independent risk factor for mortality and poor postopera-
tive outcomes.11,13 A multitude of frailty scales attempt to 
quantify this decline in physiologic reserve and overall 
performance; however, there is a lack of consensus regard-
ing the best frailty metric.
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There have been dozens of frailty scales utilized in the 
neurosurgical literature, most have utilized the 5-Factor 
Modified Frailty Index (mFI-5) or the mFI-11. The mFI-5 
is a five-point frailty scoring tool, based on the Frailty 
Index Model, limited to scoring the presence of four key 
comorbidities and functional status.11,14 The mFI-5 has 
demonstrated superior discrimination in predicting post-
operative outcomes compared with increasing patient age 
alone in a variety of neurosurgery, otolaryngology, ortho-
pedic, urology, and plastic surgery publications.15–20 More 
recently, the Risk Analysis Index-Administrative (RAI-A), 
a 14-question frailty score instrument, has been validated 
and may possess superior discriminatory ability compared 
with other frailty scales such as the mFI-5.21–23 The RAI-A 
can readily be applied in under 1 minute in administra-
tive research, at the patient’s bedside or in clinic at the 
point of care, and follows a frailty conceptual framework.24 
Our motivation to design this study resulted from a dearth 
of information regarding frailty’s impact on cranioplasty 
outcomes.

We hypothesized that frailty will be an independent 
predictor of complications following cranioplasty out-
comes and that the RAI-A will demonstrate superior dis-
crimination to the mFI-5 and increasing patient age in 
predicting the primary outcome of 30-day mortality. Our 
secondary outcomes were complications, graded by the 
Clavien-Dindo (CD) I-IV classification system, and dis-
charge disposition [nonhome discharge (NHD) versus 
home discharge].

METHODS

Data Source
Patient cranioplasty data were obtained from the 

American College of Surgeons National Surgical Quality 
Improvement Program (NSQIP), a validated large national 
database, for years 2012–2020.25 This study was conducted 
in accordance with the data user agreement between the 
American College of Surgeons and the University of New 
Mexico Hospital and was approved by the UNMH insti-
tutional review board as part of an application for frailty 
RAI-A studies.

Patient Population and Baseline Characteristics
We identified all patients greater than or equal to 18 

years of age who had cranioplasty surgery, using Current 
Procedural Terminology (CPT) codes designated as pri-
mary or secondary procedures, between January 1, 2012, 
and December 31, 2020. The following CPT codes were 
used to characterize the population: CPT 62140 (cranio-
plasty for skull defect; up to 5 cm diameter), CPT 62141 
(cranioplasty for skull defect; larger than 5 cm diameter), 
CPT 62146 (cranioplasty with autograft; up to 5 cm diam-
eter), CPT 62147 (cranioplasty with autograft; greater 
than 5 cm diameter), 62143 (replacement of bone flap 
or prosthetic plate of skull), and 62145 (cranioplasty for 
skull defect with reparative brain surgery). Baseline demo-
graphic data included age, body mass index (BMI), sex, 
race, and ethnicity. Preoperative clinical data included 

diabetes mellitus (DM), hypertension (HTN), conges-
tive heart failure (CHF), chronic obstructive pulmonary 
disease (COPD), dyspnea, renal failure, dialysis, dissemi-
nated cancer, weight loss, home origin, and functional 
status. Operative characteristics included indication by 
primary procedure, size of cranial defect, and type of 
material. There were 18.4% and 14.4% missing data in 
the categories of race and cranial defect size, respectively. 
For this reason, we categorized the missing information 
as “other.”

Frailty Indices
Risk Analysis Index-Administrative

Hall et al24 have previously described the creation and 
validation of the RAI-A as a screening tool for frailty. The 
RAI-A was specifically designed by Hall et al to be inte-
grated easily into a surgeons’ existing workflow without 
stressing resources.24 The RAI-A takes less than a min-
ute to administer and requires no additional training to 
score.26 The RAI-A is contingent on 14 questions, includ-
ing age, malignancy status, sex, weight loss, renal failure, 
heart failure, shortness of breath, prehospital nursing 
home residence, and degree of functional dependence. 
The RAI-A uses a numeric score ranging from 0 (not frail) 
to 81 (most frail). Previous studies have described four cat-
egories for defining the RAI-A frailty score thresholds: a 
score of 0–20 is robust, 21–30 is normal/prefrail, 31–40 is 
frail, and 41+ is severely frail (Table 1).24

Modified Frailty Index-5
The mFI-5 was described previously and has predicted 

poor postoperative outcomes in a variety of surgical spe-
cialties.15,18,19,27 The total mFI-5 score is contingent on the 
presence of five comorbidities (DM, HTN, CHF, COPD, 
and functional dependence).28 The mFI-5 is defined as 0 
being robust, 1 being normal/pre-frail, 2 being frail, and 
3 or greater being severely frail.15,27

Outcome Measures
The primary outcome was 30-day mortality defined 

as a patient’s death within 30 days of the primary proce-
dure. The secondary outcomes included discharge dis-
position defined as home discharge and NHD. NHD is 

Takeaways
Question: What is the relationship between the frailty 
indices, Modified Frailty Index-5 (mFI-5) and Risk 
Analysis Index-Administrative (RAI-A), and cranioplasty 
outcomes?

Findings: The study found that the RAI-A is a superior 
predictor of poor postoperative outcomes in cranioplasty 
patients compared to the mFI-5 and patient age.

Meaning: The RAI-A may be a valuable tool for frailty-based 
risk stratification in cranioplasty patients. Identifying 
independent risk factors for poor outcomes is crucial due 
to high rates of morbidity and mortality after the proce-
dure. Using the RAI-A for frailty-based risk stratification 
could improve outcomes and aid in decision-making.
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defined as discharge to a higher level of care: high-skilled 
facility, acute care, and outside emergency department. 
Additionally, complications graded using the standard CD 
I-IV classification system were reported. CD I consists of 
superficial site infection; CD II, postoperative bleeding or 
transfusion; CD IIIb, reoperation under anesthesia; and 
CD IV, sepsis, septic shock, pulmonary embolism, myocar-
dial infarction, and ventilator status.29

Statistical Analysis
Continuous variables are presented as median with 

interquartile range (IQR). The discriminatory thresholds 
of RAI-A, mFI-5, and increasing patient age on 30-day 
mortality were evaluated using receiver operating charac-
teristics (ROC) curve analysis. The area under the curve 
is represented as a C-statistic with a 95% confidence inter-
val (CI). Multivariable analyses were conducted for RAI-A, 
mFI-5, and increasing patient age to assess the indepen-
dent relationships between frailty and primary and sec-
ondary outcomes. Covariates controlled for included race, 
BMI, primary procedure, cranial defect size, and type of 
material [allograft, autograft, and other (unknown and 
missing)]. We excluded age from the model for RAI-A to 
prevent any collinearity, since age contributes to the total 
RAI-A score. We included age in the model for mFI-5. To 
address the issue of limited statistical power due to the 

small number of severely frail patients in the categorical 
version of the multivariable analysis, a dichotomous ver-
sion of the multivariable model was also analyzed. In this 
dichotomous version, a threshold of less than or equal to 
30 was used to define nonfrail patients and greater than 
31 to define frail patients. Effect sizes are presented using 
odds ratio (OR) alongside their respective 95% CI. For 
all reported findings, a P value of less than 0.05 was con-
sidered statistically significant. All statistical analyses were 
performed on IBM SPSS Statistics version 28.0 (IBM Co., 
Armonk, N.Y.).

RESULTS

Study Population Characteristics
The NSQIP data query yielded 2864 patients, with 

a median age of 57 years (IQR, 44‐67), female majority 
(57.0%), White majority (68.5%), and a median BMI 
of 28.0 kg/m2 (IQR, 24.2‐32.7) (Table  2). HTN was the 
most prevalent preoperative comorbidity (39.7%), fol-
lowed by a history of disseminated cancer (13.8%) and 
DM (12.4%). Most of the patients were functionally inde-
pendent (95.0%). Craniectomy was the most prevalent 
primary procedure (73.8%), and half of the patients had 
a cranial defect less than or equal to 5 cm (50.4%), while 
the vast majority of patients had synthetic materials used 
for their cranioplasty material (77.7%) (Table 2).

According to the RAI-A frailty distributions, 59.0% 
of the population was robust, 26.0% were normal/pre-
frail, 13.5% were frail, and 1.5% were severely frail, while 
the mFI-5 frailty distributions showed that 54.2% were 
robust, 32.2% were normal/prefrail, 12.2% were frail, 
and 1.5% were severely frail. When stratifying the inci-
dence of mortality across age (binned), mFI-5, and RAI-A 
frailty scores, patients who were severely frail utilizing the 
RAI-A demonstrated the largest increase in incidence of 
mortality (Fig. 1).

ROC Analysis
ROC analysis was performed to enable comparison of 

the predictive thresholds of both frailty screening tools 
and increasing patient age for our primary outcome. The 
RAI-A had a higher discriminatory threshold for 30-day 
mortality (C-statistic, 0.741; 95% CI, 0.678–0.804; P < 
0.001), than the mFI-5 (C-statistic, 0.574; 95% CI, 0.489–
0.650; P = 0.09) and increasing patient age (C-statistic, 
0.671; 95% CI, 0.610–0.732; P < 0.001) (Fig. 2).

Multivariable Analysis
RAI-A

On multivariable analysis, the independent relation-
ship with postoperative outcomes and frailty status, as 
measured by RAI-A, was evaluated (Table  3). Patients 
who were normal/prefrail had an independent associa-
tion with CD II (OR, 2.08; CI, 1.52–2.86; P < 0.001), CD 
IIIb (OR, 1.39; CI, 1.02–1.90; P < 0.05), CD IV (OR, 2.21; 
CI, 1.51–3.24; P < 0.001), 30-day mortality (OR, 5.10; CI, 
2.20–11.86; P < 0.001), and NHD (OR, 3.77; CI, 2.68–5.31; 
P < 0.001). Frailty was independently associated with CD 

Table 1. RAI-A Scoring
Variable Score  

Male sex +3  
Weight loss +8  
Renal failure/dialysis +8  
CHF +5  
Dyspnea +3  
Patient origin +1  
Functional status   
Independent +0  
Partially dependent +7  
Totally dependent +14  
Age Score without  

Cancer History
Score with Cancer  

History
<19 y +0 +28
20–24 y +1 +29
25–29 y +4
30–34 y +6 +30
35–39 y +8
40–44 y +10 +31
45–49 y +12
50–54 y +14 +32
55–59 y +16
60–64 y +18 +33
65–69 y +20 +34
70–74 y +22
75–79 y +24 +35
80–84 y +26
85–89 y +28 +36
90–94 y +30
95–99 y +32 +37
100+ +34  
Total RAI-A score range 0 to 81
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II (OR, 2.29; CI, 1.53–3.43; P < 0.001), CD IV (OR, 2.11; 
CI, 1.28–3.46; P < 0.05), 30-day mortality (OR, 5.65; CI, 
2.21–14.43; P < 0.001), and NHD (OR, 3.46; CI, 2.26–5.28; 
P < 0.001). Severe frailty was independently predictive of 
CD II (OR, 2.86; CI, 1.15–7.09; P < 0.05), 30-day mortal-
ity (OR, 18.63; CI, 5.25–66.17; P < 0.001), and NHD (OR, 
7.16; CI, 3.25–15.79; P < 0.001).

Frail patients had higher ORs for CD II (OR, 2.11; CI, 
1.45–3.09; P < 0.001), CD IV (OR, 1.77; CI, 1.12–2.80; P < 
0.05), 30-day mortality (OR, 2.90; CI, 1.39–6.08; P < 0.05), 
and NHD (OR, 2.27; CI, 1.56–3.31; P < 0.001) when com-
pared with nonfrail counterparts (Table 3).

mFI-5
The independent relationship between frailty status, as 

measured by mFI-5, was also evaluated (Table 3). Normal/
prefrail was independently associated with CD IV (OR, 
1.60; CI, 1.05–2.44; P < 0.05). Frailty was independently 
predictive of CD IV (OR, 2.53; CI, 1.54–4.17; P < 0.001) 
and NHD (OR, 2.02; CI, 1.32–3.10; P < 0.05). Severe frailty 
was an independent risk factor for NHD (OR, 5.82; CI, 
2.75–12.30; P < 0.001).

Frail patients had higher ORs for the secondary out-
comes of CD IV (OR, 1.86; CI, 1.20–2.88; P < 0.05) and 
NHD (OR, 1.95; CI, 1.34–2.84; P < 0.001) when compared 
with nonfrail patients.

Increased Patient Age
The independent relationship with postoperative 

outcomes and increasing patient age was also evaluated 
(Table 3). Increasing patient age was independently asso-
ciated with CD II (OR, 1.03; CI, 1.02–1.04; P < 0.001), CD 
IV (OR, 1.02; CI, 1.01–1.03; P < 0.05), 30-day mortality 
(OR, 1.04; CI, 1.02–1.07; P < 0.05), and NHD (OR, 1.06; 
CI, 1.04–1.07; P < 0.001) (Table 3). Similar results were 
observed for frail/nonfrail comparisons (Table 4).Va
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Fig. 1. incidence of 30-day mortality stratified by 
age, rai-a Score, and mFi-5 Score.
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DISCUSSION
The discriminative thresholds of the RAI-A and mFI-5 

frailty assessment tools for predicting 30-day mortal-
ity were compared in this large NSQIP database study 
of 2864 NSQIP (2012–2020) cranioplasty patients. The 
independent relationship between the RAI-A and poor 
postoperative outcomes was significantly increased, 
ranging from 66% higher to an 18-fold increase. Our 
hypothesis that increased RAI-A scores would be an inde-
pendent risk factor for poor cranioplasty outcomes was 
confirmed. To the best of our knowledge, this is a novel 
approach in understanding frailty’s impact on cranio-
plasty outcomes and its role as an independent risk fac-
tor for mortality and poor outcomes after cranioplasty. 
Additionally, we demonstrate that the RAI-A frailty scale 
has superior discrimination than the mFI-5 frailty scale 
and increasing patient age for predicting 30-day mortal-
ity after cranioplasty.

Previously, an NSQIP study identified increasing 
patient age as an independent risk factor for adverse out-
comes in patients undergoing cranioplasty. Although our 
results confirm that increased patient age is predictive of 
mortality, frailty measured by RAI-A and mFI-5 had larger 
effect sizes for the same outcome; furthermore, increasing 
RAI-A scores were independently predictive of increased 
mortality and demonstrated superior discrimination 
for mortality when compared with mFI-5 and increased 
patient age. This study demonstrates the inadequacies of 
the mFI-5 by establishing that it has inferior discrimina-
tion in predicting 30-day mortality when compared with 
RAI-A. Previous studies within neurosurgery have also 
displayed the RAI-A’s superior discriminatory accuracy 
for predicting adverse outcomes when compared to mFI-
5.30,31 In addition, the mFI-5 is a unidimensional instru-
ment that assesses frailty by using a limited subset of four 
comorbidities in conjunction with a measure of functional 

Fig. 2. rOC curve assessing the predictive threshold for rai-a, mFi-5, and age on 30-day mortal-
ity. a, rOC curve for assessing threshold probability for 30-day mortality. B, aUC represented by 
C-statistic for rai-a, mFi-5, and increasing patient age for 30-day mortality. aUC indicates area 
under the curve.
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independence. The RAI-A, on the other hand, takes into 
account a total of five domains of frailty, including comor-
bidities, physical functionality, social variables, nutritional 
state, and a cognitive domain.26 These findings corrobo-
rate the RAI-A as a superior frailty scale within surgical 
patients, including patients undergoing cranioplasty.

The high rate of poor cranioplasty outcomes demon-
strates the need for accurate risk assessment to identify 
those patients at increased risk for adverse outcomes.17 
Frailty can assist in identifying patients who may ben-
efit from additional preoperative planning, increased 
resource mobilization, and augmenting patient support 
systems.32 Frail patients will likely benefit from a multi-
disciplinary approach to their care and/or closer postop-
erative observation.32 Frailty’s ability to allow hospitals to 
anticipate which patients may need extra postoperative 
attention and care allows hospitals to maximize their lim-
ited resources.33,34 The preoperative diagnosis of frailty 
can facilitate conversations about prognosis; as a result, an 
improved decision-making conversation may be enabled 
between the clinician and the patient/family.11,24

The limitations of this study include its retrospec-
tive nature. Although we were not able to control all 

confounding variables, the NSQIP database is a validated 
resource. We used a robust methodology that followed 
statistical guidelines and recommendations for NSQIP 
research. Another limitation is the lack of separate cod-
ing that precludes us from identifying whether cranioplas-
ties were primary cranioplasty procedures or if they were 
revision procedures. The number of cranial procedures 
before cranioplasty has been well-established as a signifi-
cant risk factor for complications, with one study report-
ing a six-fold increase in complications.35 Furthermore, 
this study also did not provide data on the time from 
the primary procedure to time of definitive cranioplasty. 
Evidence remains lacking as to whether any temporal vari-
able (eg, early or late cranioplasty) is associated with worse 
postoperative outcomes.7,36 Additionally, the NSQIP does 
not include etiology of original injury that created the 
need for cranioplasty, with this importance established by 
Belzberg et al, who reported that trauma had 80% higher 
chance of mortality and reoperation when compared 
with other etiologies (eg, stroke). It is worth noting that 
although we controlled for material type (allograft, auto-
graft, and other) in our analysis, the lack of specific cod-
ing for the various types of materials used in cranioplasties 

Table 3. Multivariable Analyses Evaluating the Independent Association between Frailty Categories Determined by the 
Risk Analysis Index, Modified Frailty Index-5, and Age and Postoperative Outcomes

Variables 
Clavien-Dindo I 

OR (95% CI) 
Clavien-Dindo II 

OR (95% CI) 
Clavien-Dindo IIIb 

OR (95% CI) 
Clavien-Dindo IV 

OR (95% CI)
30-day Mortality  

OR (95% CI) 
Nonhome Discharge 

OR (95% CI) 

RAI-A*
  Prefrail 1.21 (0.55–2.65) 2.08 (1.52–2.86)† 1.39 (1.02–1.90)* 2.21 (1.51–3.24)† 5.10 (2.20–11.86)† 3.77 (2.68–5.31)†
  Frail 0.48 (0.11–2.01) 2.29 (1.53–3.43)† 1.46 (0.97–2.19) 2.11 (1.28–3.46)‡ 5.65 (2.21–14.43)† 3.46 (2.26–5.28)†
  Severely frail — 2.86 (1.15–7.09)‡ — 2.27 (0.68–7.62) 18.63 (5.25–66.17)† 7.16 (3.25–15.79)†
mFI-5§
  Prefrail 1.40 (0.59–3.30) 1.31 (0.94–1.82) 1.37 (0.99–1.90) 1.60 (1.05–2.44)* 1.53 (0.73–3.12) 1.25 (0.87–1.80)
  Frail 1.40 (0.46–4.30) 1.46 (0.95–2.26) 1.09 (0.68–1.75) 2.53 (1.54–4.17)† 1.80 (0.71–4.56) 2.02 (1.32–3.10)‡
  Severely frail — 1.12 (0.41–3.06) 1.59 (0.60–4.24) 2.32 (0.77–6.95) — 5.82 (2.75–12.30)†
Age* 1.04 (0.99–1.05) 1.03 (1.02–1.04)† 1.01 (0.99–1.02) 1.02 (1.01–1.03)‡ 1.04 (1.02–1.07)‡ 1.06 (1.04–1.07)†
Clavien-Dindo I: surgical site infection; Clavien-Dindo II: postoperative bleeding or transfusion(s); Clavien-Dindo IIIb: reoperation; Clavien-Dindo IV: sepsis, septic 
shock, pulmonary embolism, myocardial infraction, ventilator status.
*Covariates controlled for in this model include race, body mass index, primary procedure (craniectomy, craniotomy, and other), size of cranial defect (≤5 cm and 
>5 cm), and material (allograft, autograft, and other).
†P < 0.001, statistical significance.
‡P < 0.05.
§Also controlled for age in addition to the other covariates.

Table 4. Multivariable Analyses Evaluating the Independent Association between Frailty Status Determined by the Risk 
Analysis Index, Modified Frailty Index-5, and Age and Postoperative Outcomes

Variables 
Clavien-Dindo I 

OR (95% CI) 
Clavien-Dindo II 

OR (95% CI) 
Clavien-Dindo IIIb 

OR (95% CI) 
Clavien-Dindo IV 

OR (95% CI) 
30-day Mortality 

OR (95% CI) 
Non-Home Discharge 

OR (95% CI) 

RAI-A*
  Nonfrail Ref Ref Ref Ref Ref Ref
  Frail 0.44 (0.11–1.87) 2.11 (1.45–3.09)† 1.40 (0.94–2.08) 1.77 (1.12–2.80)‡ 2.90 (1.39–6.08)‡ 2.27 (1.56–3.31)†
mFI-5§  
  Nonfrail Ref Ref Ref Ref Ref Ref
  Frail 0.82 (0.28–2.45) 1.31 (0.88–1.96) 0.97 (0.63–1.49) 1.86 (1.20–2.88)‡ 1.35 (0.57–3.22) 1.95 (1.34–2.84)†
Age* 1.03 (0.99–1.06) 1.03 (1.02–1.05)† 1.02 (1.01– 1.03)‡ 1.03 (1.01–1.04)† 1.05 (1.01–1.08)‡ 1.07 (1.05–1.08)†
Clavien-Dindo I: surgical site infection; Clavien-Dindo II: postoperative bleeding or transfusion(s); Clavien-Dindo IIIb: reoperation; Clavien-Dindo IV: sepsis, septic 
shock, pulmonary embolism, myocardial infraction, ventilator status.
*Covariates controlled for in this model include race, body mass index, primary procedure (craniectomy, craniotomy, and other), size of cranial defect (≤5 cm and 
>5 cm), and material (allograft, autograft, and other).
†P < 0.001, statistical significance.
‡P < 0.05.
§Also controlled for age in addition to the other covariates.



PRS Global Open • 2023

8

may have influenced the outcomes observed. Given the 
recent increase in the variety of materials implemented 
for cranioplasties, it is important to consider the potential 
impact of specific material types on outcomes in future 
studies.19,37,38

CONCLUSIONS
This large national database study on frailty’s impact 

on cranioplasty outcomes demonstrates that the RAI-A 
was significantly associated with poor cranioplasty out-
comes and had superior discrimination compared with 
the mFI-5 and increasing patient age in predicting mortal-
ity after cranioplasty. The high rates of operative morbidity 
(5.0%–36.5%) and mortality (0.4%–3.2%) are in contrast 
to the perception of many clinicians that cranioplasties 
carry minimal risk, and these outcomes highlight the 
importance of being able to predict which patients are at 
increased risk for poor cranioplasty outcomes. Predictive 
information will enable true shared decision-making with 
patients and their families, regarding the potential risk 
and benefits of operative intervention.

Christian A. Bowers, MD
Department of Neurosurgery

University of New Mexico Health Sciences Center
1 University New Mexico, MSC10 5615

Albuquerque, NM 81731
E-mail: cabowers@salud.unm.edu

DISCLOSURES
The authors have no financial interest to declare in relation to 

the content of this article.

REFERENCES
 1. Dujovny M, Aviles A, Agner C, et al. Cranioplasty: cosmetic or 

therapeutic? Surg Neurol. 1997;47:238–241. 
 2. Winkler PA, Stummer W, Linke R, et al. Influence of cranio-

plasty on postural blood flow regulation, cerebrovascular 
reserve capacity, and cerebral glucose metabolism. J Neurosurg. 
2000;93:53–61. 

 3. Kuo JR, Wang CC, Chio CC, et al. Neurological improvement 
after cranioplasty—analysis by transcranial Doppler ultrasonog-
raphy. J Clin Neurosci. 2004;11:486–489. 

 4. Isago T, Nozaki M, Kikuchi Y, et al. Sinking skin flap syndrome: a 
case of improved cerebral blood flow after cranioplasty. Ann Plast 
Surg. 2004;53:288–292. 

 5. Morton RP, Abecassis IJ, Hanson JF, et al. Timing of cranioplasty: 
a 10.75-year single-center analysis of 754 patients. J Neurosurg. 
2017;128:1648–1652. 

 6. Zanaty M, Chalouhi N, Starke RM, et al. Complications following 
cranioplasty: incidence and predictors in 348 cases. J Neurosurg. 
2015;123:182–188. 

 7. Li A, Azad TD, Veeravagu A, et al. Cranioplasty complica-
tions and costs: a national population-level analysis using the 
marketscan longitudinal database. World Neurosurg. 2017;102: 
209–220. 

 8. Bader ER, Kobets AJ, Ammar A, et al. Factors predicting 
complications following cranioplasty. J Craniomaxillofac Surg. 
2022;50:134–139. 

 9. Armstrong RE, Ellis MF. Determinants of 30-day morbidity in 
adult cranioplasty: an ACS-NSQIP analysis of 697 cases. Plast 
Reconstr Surg Glob Open. 2019;7:e2562. 

 10. Fried LP, Tangen CM, Walston J, et al; Cardiovascular 
Health Study Collaborative Research Group. Frailty in older 
adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci. 
2001;56:M146–M156. 

 11. Chen X, Mao G, Leng SX. Frailty syndrome: an overview. Clin 
Interv Aging. 2014;9:433–441. 

 12. Clegg A, Young J, Iliffe S, et al. Frailty in elderly people. Lancet. 
2013;381:752–762. 

 13. Velanovich V, Antoine H, Swartz A, et al. Accumulating deficits 
model of frailty and postoperative mortality and morbidity: its 
application to a national database. J Surg Res. 2013;183:104–110. 

 14. Rockwood K, Hogan DB, MacKnight C. Conceptualisation 
and measurement of frailty in elderly people. Drugs Aging. 
2000;17:295–302. 

 15. Kazim SF, Dicpinigaitis AJ, Bowers CA, et al. Frailty status is a more 
robust predictor than age of spinal tumor surgery outcomes: a 
NSQIP analysis of 4,662 patients. Neurospine. 2022;19:53–62. 

 16. Stidham K, Naftchi AF, Spirollari E, et al. Frailty is superior to 
age for predicting readmission, prolonged length of stay, and 
wound infection in elective otology procedures. Otol Neurotol. 
2022;43:937–943. 

 17. Cole KL, Kazim SF, Thommen R, et al. Association of base-
line frailty status and age with outcomes in patients undergo-
ing intracranial meningioma surgery: results of a nationwide 
analysis of 5818 patients from the national surgical quality 
improvement program (NSQIP) 2015–2019. Eur J Surg Oncol. 
2022;48:1671–1677. 

 18. Le ST, Liu VX, Kipnis P, et al. Comparison of electronic frailty 
metrics for prediction of adverse outcomes of abdominal sur-
gery. JAMA Surg. 2022;157:e220172e220172. 

 19. Gordon AM, Conway CA, Sheth BK, et al. The 5-item modified 
frailty index for risk stratification of patients undergoing total 
elbow arthroplasty. HAND. Published online June 11, 2022. 

 20. Panayi AC, Orkaby AR, Sakthivel D, et al. Impact of frailty on out-
comes in surgical patients: a systematic review and meta-analysis. 
Am J Surg. 2019;218:393–400. 

 21. McIsaac DI, Aucoin SD, van Walraven C. A Bayesian compari-
son of frailty instruments in noncardiac surgery: a cohort study. 
Anesth Analg. 2021;133:366–373. 

 22. Mahmooth Z, Carpenter E, Lin E, et al. Frailty assessment in 
the acute care surgery population—the agreement and pre-
dictive value on length of stay and re-admission of 3 differ-
ent instruments in a prospective cohort. Am J Surg. 2020;220: 
1058–1063. 

 23. Arya S, Varley P, Youk A, et al. Recalibration and external valida-
tion of the risk analysis index: a surgical frailty assessment tool. 
Ann Surg. 2020;272:996–1005. 

 24. Hall DE, Arya S, Schmid KK, et al. Development and initial vali-
dation of the risk analysis index for measuring frailty in surgical 
populations. JAMA Surg. 2017;152:175–182. 

 25. Shiloach M, Frencher SK, Steeger JE, et al. Toward robust infor-
mation: data quality and inter-rater reliability in the American 
College of Surgeons national surgical quality improvement pro-
gram. J Am Coll Surg. 2010;210:6–16. 

 26. Arya S, George EL, Hall DE. To perform or not to perform sur-
gery for frail patients?—Reply. JAMA Surg. 2021;156:891–892. 

 27. Weaver DJ, Malik AT, Jain N, et al. The modified 5-item frailty 
index: a concise and useful tool for assessing the impact of frailty 
on postoperative morbidity following elective posterior lumbar 
fusions. World Neurosurg. 2019;124:e626–e632. 

 28. Traven SA, Reeves RA, Sekar MG, et al. New 5-factor modified 
frailty index predicts morbidity and mortality in primary hip and 
knee arthroplasty. J Arthroplasty. 2019;34:140–144. 

 29. Clavien PA, Barkun J, de Oliveira ML, et al. The Clavien-Dindo 
classification of surgical complications: five-year experience. Ann 
Surg. 2009;250:187–196. 

mailto:cabowers@salud.unm.edu
https://doi.org/10.1016/s0090-3019(96)00013-4
https://doi.org/10.1016/s0090-3019(96)00013-4
https://doi.org/10.3171/jns.2000.93.1.0053
https://doi.org/10.3171/jns.2000.93.1.0053
https://doi.org/10.3171/jns.2000.93.1.0053
https://doi.org/10.3171/jns.2000.93.1.0053
https://doi.org/10.1016/j.jocn.2003.06.005
https://doi.org/10.1016/j.jocn.2003.06.005
https://doi.org/10.1016/j.jocn.2003.06.005
https://doi.org/10.1097/01.sap.0000106433.89983.72
https://doi.org/10.1097/01.sap.0000106433.89983.72
https://doi.org/10.1097/01.sap.0000106433.89983.72
https://doi.org/10.3171/2016.11.JNS161917
https://doi.org/10.3171/2016.11.JNS161917
https://doi.org/10.3171/2016.11.JNS161917
https://doi.org/10.3171/2014.9.JNS14405
https://doi.org/10.3171/2014.9.JNS14405
https://doi.org/10.3171/2014.9.JNS14405
https://doi.org/10.1016/j.wneu.2017.03.022
https://doi.org/10.1016/j.wneu.2017.03.022
https://doi.org/10.1016/j.wneu.2017.03.022
https://doi.org/10.1016/j.wneu.2017.03.022
https://doi.org/10.1016/j.jcms.2021.08.001
https://doi.org/10.1016/j.jcms.2021.08.001
https://doi.org/10.1016/j.jcms.2021.08.001
https://doi.org/10.1097/GOX.0000000000002562
https://doi.org/10.1097/GOX.0000000000002562
https://doi.org/10.1097/GOX.0000000000002562
https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.2147/CIA.S45300
https://doi.org/10.2147/CIA.S45300
https://doi.org/10.1016/S0140-6736(12)62167-9
https://doi.org/10.1016/S0140-6736(12)62167-9
https://doi.org/10.1016/j.jss.2013.01.021
https://doi.org/10.1016/j.jss.2013.01.021
https://doi.org/10.1016/j.jss.2013.01.021
https://doi.org/10.2165/00002512-200017040-00005
https://doi.org/10.2165/00002512-200017040-00005
https://doi.org/10.2165/00002512-200017040-00005
https://doi.org/10.14245/ns.2142770.385
https://doi.org/10.14245/ns.2142770.385
https://doi.org/10.14245/ns.2142770.385
https://doi.org/10.1097/MAO.0000000000003636
https://doi.org/10.1097/MAO.0000000000003636
https://doi.org/10.1097/MAO.0000000000003636
https://doi.org/10.1097/MAO.0000000000003636
https://doi.org/10.1016/j.ejso.2022.02.015
https://doi.org/10.1016/j.ejso.2022.02.015
https://doi.org/10.1016/j.ejso.2022.02.015
https://doi.org/10.1016/j.ejso.2022.02.015
https://doi.org/10.1016/j.ejso.2022.02.015
https://doi.org/10.1016/j.ejso.2022.02.015
https://doi.org/10.1001/jamasurg.2022.0172
https://doi.org/10.1001/jamasurg.2022.0172
https://doi.org/10.1001/jamasurg.2022.0172
https://doi.org/10.1177/15589447221093728
https://doi.org/10.1177/15589447221093728
https://doi.org/10.1177/15589447221093728
https://doi.org/10.1016/j.amjsurg.2018.11.020
https://doi.org/10.1016/j.amjsurg.2018.11.020
https://doi.org/10.1016/j.amjsurg.2018.11.020
https://doi.org/10.1213/ANE.0000000000005290
https://doi.org/10.1213/ANE.0000000000005290
https://doi.org/10.1213/ANE.0000000000005290
https://doi.org/10.1016/j.amjsurg.2020.03.026
https://doi.org/10.1016/j.amjsurg.2020.03.026
https://doi.org/10.1016/j.amjsurg.2020.03.026
https://doi.org/10.1016/j.amjsurg.2020.03.026
https://doi.org/10.1016/j.amjsurg.2020.03.026
https://doi.org/10.1097/SLA.0000000000003276
https://doi.org/10.1097/SLA.0000000000003276
https://doi.org/10.1097/SLA.0000000000003276
https://doi.org/10.1001/jamasurg.2016.4202
https://doi.org/10.1001/jamasurg.2016.4202
https://doi.org/10.1001/jamasurg.2016.4202
https://doi.org/10.1016/j.jamcollsurg.2009.09.031
https://doi.org/10.1016/j.jamcollsurg.2009.09.031
https://doi.org/10.1016/j.jamcollsurg.2009.09.031
https://doi.org/10.1016/j.jamcollsurg.2009.09.031
https://doi.org/10.1001/jamasurg.2021.1531
https://doi.org/10.1001/jamasurg.2021.1531
https://doi.org/10.1016/j.wneu.2018.12.168
https://doi.org/10.1016/j.wneu.2018.12.168
https://doi.org/10.1016/j.wneu.2018.12.168
https://doi.org/10.1016/j.wneu.2018.12.168
https://doi.org/10.1016/j.arth.2018.09.040
https://doi.org/10.1016/j.arth.2018.09.040
https://doi.org/10.1016/j.arth.2018.09.040
https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://doi.org/10.1097/SLA.0b013e3181b13ca2


 Moya et al • The RAI Is a Predictor of Outcomes in Cranioplasty

9

 30. Thommen R, Kazim SF, Rumalla K, et al. Preoperative frailty 
measured by risk analysis index predicts complications and poor 
discharge outcomes after brain tumor resection in a large multi-
center analysis. J Neurooncol. 2022;160:285–297. 

 31. Rumalla K, Thommen R, Kazim SF, et al. Risk analysis index 
and 30-day mortality after brain tumor resection: a multi-center 
frailty analysis of 31,776 patients from 2012-2020. J Neurol Surg, 
Part B Skull Base. Published online November 11, 2022. 

 32. Panayi AC, Foroutanjazi S, Parikh N, et al. The modified 5-item 
frailty index is a predictor of perioperative risk in breast recon-
struction: an analysis of 40,415 cases. J Plast Reconstr Aesthet Surg. 
2022;75:2941–2954. 

 33. Rosen A, Cahill JM, Dugdale LS. Moral injury in health care: 
identification and repair in the COVID-19 era. J Gen Intern Med. 
2022;37:3739–3743. 

 34. Wahlster S, Sharma M, Lewis AK, et al. The coronavirus disease 
2019 pandemic’s effect on critical care resources and health-care 
providers: a global survey. Chest. 2021;159:619–633. 

 35. Shay T, Belzberg M, Asemota AO, et al. Risk of complications 
in primary versus revision-type cranioplasty. J Craniofac Surg. 
2020;31:423–427. 

 36. Signorelli F, Giordano M, Caccavella VM, et al. A systematic review 
and meta-analysis of factors involved in bone flap resorption after 
decompressive craniectomy. Neurosurg Rev. 2022;45:1915–1922. 

 37. Belzberg M, Mitchell KA, Ben-Shalom N, et al. Cranioplasty 
outcomes from 500 consecutive neuroplastic surgery patients.  
J Craniofac Surg. 2022;37:3739–3743. 

 38. Wolff A, Santiago GF, Belzberg M, et al. Adult cranioplasty recon-
struction with customized cranial implants: preferred technique, 
timing, and biomaterials. J Craniofac Surg. 2018;29:887–894. 

https://doi.org/10.1007/s11060-022-04135-z
https://doi.org/10.1007/s11060-022-04135-z
https://doi.org/10.1007/s11060-022-04135-z
https://doi.org/10.1007/s11060-022-04135-z
https://doi.org/10.1055/a-2015-1162
https://doi.org/10.1055/a-2015-1162
https://doi.org/10.1055/a-2015-1162
https://doi.org/10.1055/a-2015-1162
https://doi.org/10.1016/j.bjps.2022.04.035
https://doi.org/10.1016/j.bjps.2022.04.035
https://doi.org/10.1016/j.bjps.2022.04.035
https://doi.org/10.1016/j.bjps.2022.04.035
https://doi.org/10.1007/s11606-022-07761-5
https://doi.org/10.1007/s11606-022-07761-5
https://doi.org/10.1007/s11606-022-07761-5
https://doi.org/10.1016/j.chest.2020.09.070
https://doi.org/10.1016/j.chest.2020.09.070
https://doi.org/10.1016/j.chest.2020.09.070
https://doi.org/10.1097/SCS.0000000000006134
https://doi.org/10.1097/SCS.0000000000006134
https://doi.org/10.1097/SCS.0000000000006134
https://doi.org/10.1007/s10143-022-01737-z
https://doi.org/10.1007/s10143-022-01737-z
https://doi.org/10.1007/s10143-022-01737-z
https://doi.org/10.1097/SCS.0000000000008546
https://doi.org/10.1097/SCS.0000000000008546
https://doi.org/10.1097/SCS.0000000000008546
https://doi.org/10.1097/SCS.0000000000004385
https://doi.org/10.1097/SCS.0000000000004385
https://doi.org/10.1097/SCS.0000000000004385

