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Objective: Cranioplasty (CP) following decompressive craniectomy (DC) is of low complexity 
surgically. However, even this “simple” procedure may have a high complication rate, especial-
ly for the reconstruction of bilateral craniectomy compared to the reconstruction of unilateral 
craniectomy. This study aimed to assess and compare the rate of complications between si-
multaneous and staged CP for the reconstruction of bilateral craniectomy. 
Methods: All patients who underwent CP at our institution following DC for stroke or trau-
matic brain injury between 2008 and 2017 were reviewed. A total of 139 patients were iden-
tified, of whom 17 underwent bilateral CP. Simultaneous and staged CP was performed in 6 
and 11 patients, respectively. The median time from craniectomy until CP was 94 days (range, 
25-220 days). In patients with staged CP, the interval between the first CP and the second CP 
was 15 days (range, 6-43 days). The overall rate of complications, such as postoperative bleed-
ing, seizures, postoperative infection, and hydrocephalus, was 16%. 
Results: There were no statistically significant differences in outcome variables between si-
multaneous CP and staged CP for the reconstruction of bilateral craniectomy, except for esti-
mated blood loss. The estimated blood loss was lower in patients who underwent staged CP 
than in those who underwent simultaneous CP. The length of hospital stay was naturally lon-
ger when staged CP was performed. 
Conclusion: No significant differences were found in outcome variables between simultane-
ous and staged CP for the reconstruction of bilateral craniectomy, except for estimated blood 
loss and the length of hospital stay. Therefore, simultaneous CP might be more beneficial for 
economic reasons than staged CP. 
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INTRODUCTION 

Decompressive craniectomy (DC) is a crucial procedure 

for elevated intracranial pressure refractory to medical 

treatment followed by traumatic brain injury, intracranial 

hemorrhage, brain infarction, and so on5,14,21,24). Skull defect 
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following DC can be restored by performing cranioplasty 

(CP)1,3,6,8,10,11). CP has multiple positive effects such as im-

proving cerebral hemodynamics, restoring outward appear-

ance, enhancing protection, reducing epileptic seizures, and 

helping patient’s rehabilitation8,10,11,15,20,22,23,25,28). CP is a rela-

tively simple neurosurgical procedure with many benefits. 

However, when, how, and by what it is performed can make 

many differences1,2,4,7,14,16,19,20,23,27-29). 

Although CP has many benefits, CP also has many side 

effects like blood loss, increased hospital stay, infection, the 

risk of hydrocephalus, and the possibility of developing “tre-

phined” syndrome1,3,9,13,17,26,29). Although the mortality rate 

after CP is low, complications occur more than expected12,29). 

Matters of when, how, and by what CP is performed has 

been discussed in many studies. For some reason, bilateral 

CP is performed at the same time or the initial DC and se-

quentially after the initial DC by time. The objective of this 

retrospective study was to determine whether bilateral CP 

performed after the initial DC might be better than bilateral 

CP done simultaneously with the initial DC. 

MATERIALS AND METHODS 

This retrospective study was reviewed and approved by the 

Ethics Committee (IRB No. 2022-0661-0001). 

1. Patient Population 
The 139 patients who underwent CP from 2008 to 2017 were 

analyzed. Of them, 17 met the inclusion criteria. Inclusion 

criteria were: bilateral CPs were done less than six months 

after initial DC; all staged CPs were done less than one 

month in the interval; all CPs were done using autologous 

bone; and all DCs were done after traumatic brain injuries. 

These inclusion criteria were used to minimize the bias of 

analysis. All operations were performed by two skillful brain 

surgeons. 

Demographic characteristics and other variables are sum-

marized in Tables 1 to 3 and Fig. 1. For bilateral CPs, six were 

done simultaneously (simultaneous group) and 11 were 

done by time (staged group). The mean age of patients was 

43.5 years (range, 23–53 years) for the simultaneous group 

and 45.3 years (range, 17–77 years) for the staged group. 

2. Cranioplasty 
All CPs were done in a standard fashion. Incisions were 

made following the incision of the previous operation. The 

scalp and muscle flap was reflected to reveal the defect. 

Coagulation was done by the sight of active bleeding. If any 

tissues were present at the edge or over the defect, they were 

removed and cleaned. Autologous bone was placed and 

fixed to the skull with a titanium plate and screws. Several 

small holes were made by drilling into the bone to prevent 

accumulation of any fluid. Muscles and scalp were then su-

tured in a counter fashion after applying subgaleal drains. 

When bilateral DC was done, every flap was made using a 

bi-frontal double flap instead of a bi-coronal flap. For ev-

ery patient, subgaleal drains were applied and left for 1 to 

3 days. Autologous bone was used for every patient. It was 

Table 1. Patients’ demographic and clinical characteristics
Variables Median (range)
Age (years)
Simultaneous 43.5 (23–53)
Staged 45.3 (17–77)
Time to cranioplasty (days)
Simultaneous 96 (38–257)
Staged 64 (15–160)
Blood loss (cc)
Simultaneous 450 (250–1,500)
Staged 300 (50–700)

Table 2. Patients’ demographic characteristics and comorbidities
Simultaneous 

(n = 6)
Staged 
(n = 11)

Sex
 Male 4 (66.7%) 8 (72.7%)
 Female 2 (33.3%) 3 (27.3%)
Patients’ comorbidities
Diabetes mellitus 0 0
Hypertension 0 1
Nicotine abuse 1 0
Anticoagulant medication 0 0
Alcohol abuse 2 1

Table 3. Length of hospital stay and postoperative complications
Simultaneous 

(n = 6)
Staged 
(n = 11)

Hospital stay (days, median/mean) 24/31.67 72/80.09
Seizure 1 (16.7%) 2 (18.2%)
Hydrocephalus 1 (16.7%) 5 (45.5%)
Postoperative infections 0 (0.0%) 3 (27.3%)
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stored at –80°C in the fridge immediately after DC. Prophy-

lactic antibiotics were used for one day. 

3. Statistical Analysis 
All statistical analyses were conducted using SPSS statistics 

version 27 (IBM Corp., Armonk, NY, USA). Most analyses in 

this study were done using a non-parametric test. Demo-

graphic characteristics, patient comorbidities, and blood 

loss during operation were analyzed using the Mann-Whit-

ney U test. Complications such as seizure, hydrocephalus, 

and postoperative infection were analyzed using Pearson’s 

χ2 test and Fisher’s exact test. Duration of hospital stay was 

analyzed with an independent t-test which was a parametric 

statistics technique. A significance threshold of p < 0.1 was 

used throughout. 

RESULTS 

Within 10 years of the study period, 139 patients had DC fol-

lowed by CP. A total of 17 patients who underwent bilateral 

DC and bilateral CP were included in this study. Only those 

who had DC after traumatic brain injury were included to 

reduce bias. Six out of 17 patients had bilateral CP simulta-

neously and 11 had bilateral CP done by time (staged CP). 

All CPs were done less than 6 months after the initial DC. 

All staged CPs were done with an interval of less than one 

month. 

Fig. 1. Stem & Leaf plots between two groups (Simultaneous group, staged group) for the reconstruction of bilateral craniectomy com-
paring hospital days (days), time to plasty, age, blood loss, respectively. Only two variables for hospital days, blood loss area are p<0.1 for 
statistical equivalence.
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Complications and Hospital Stay 
Regarding complications, seizure, hydrocephalus within 

three months, infection after surgery, and blood loss during 

surgery were analyzed. In order of their frequency, hydro-

cephalus (n = 6 patients, 1 in simultaneous group/16.7%, 5 

in staged group/45.5%), seizures (n = 3 patients, 1 in simulta-

neous group/16.7%, 2 in staged group/18.2%), and infection 

after surgery (n = 3 patients, 0 in simultaneous group/0%, 

3 in staged group/27.3%) occurred (Table 3). Resorption 

occurred in two patients. However, it was not counted as a 

variable for analysis. Blood loss during surgery was obtained 

by searching operation record and double-checked with an-

esthesia record. Blood loss during staged cranioplasties was 

calculated by adding up both operational results. Blood loss 

during operation was statistically higher in the simultaneous 

group than in the staged group. There was no statistically 

significant difference in complications except for blood loss 

(Table 4). The duration of hospital stay was naturally longer 

when staged CP was done (Table 5). 

DISCUSSION 

Although CP is a simple procedure, it has a relatively high 

complication rate. Reducing complications and hospital stay 

can be beneficial for both patients and surgeons17-19,23,27,28). 

In some cases, bilateral craniectomies are done. However, 

bilateral craniectomies can have more complications than 

unilateral craniectomies. Bilateral craniectomies can be 

done simultaneously or sequentially after the initial DC. 

Due to the higher chance of complications of bilateral CP 

than unilateral CP, efforts are needed to reduce complica-

tions and improve outcomes. The aim of this retrospective 

study was to determine whether bilateral CP performed af-

ter the initial DC (staged one) might be better than bilateral 

CP done simultaneously with the initial DC (simultaneous 

one). 

Whether doing it simultaneously or on time depends on 

many conditions. Surgeon’s preferences, patient’s condition, 

operation room capability, existence of prior postoperative 

infection, patient’s positioning during surgery, possibility 

of infection when changing position during operation, and 

so on should be considered when deciding when or how to 

perform bilateral CP. 

Our data suggest that other than differences in blood loss 

and duration of hospital stay, there was no significant sta-

tistical difference between the two ways of CP. According to 

our data, simultaneous CP might be more beneficial for out-

come and economic reasons than staged CP. 

This is the only study on whether simultaneous CP is more 

beneficial than staged CP. However, our study had some lim-

itations. We tried our best to reduce bias for better outcomes 

as much as we could by simplifying and unifying variables. 

In addition, every craniectomy was recruited due to a trau-

matic brain injury. Moreover, all cranioplasties were done 

using autologous bones. However, a such effort led to an in-

sufficient number of targeted patients. Because of the small 

sample size, we had to use patients operated by two different 

surgeons. Thus, surgeon capability might be another bias. 

In addition, due to its retrospective and non-randomized 

nature, this study had a potential selection bias. Due to the 

small number of patients, statistics might lack reliability. 

Thus, further trials on a larger scale with multiple cases are 

needed in the future. If possible, multi-center or multiple 

doctor involvement is needed to analyze surgeon capability 

factors. 

CONCLUSION 

There were no significant differences in outcome variables 

between simultaneous and staged CP for the reconstruction 

of bilateral craniectomy except for estimated blood loss or 

duration of hospital stays. Performing bilateral CP at once 

can be beneficial for patients and surgeons. 

Table 4. Between-group comparisons of variables
Simultaneous 

(n = 6)
Staged 
(n = 11) p-value

Age (years, median) 43.5 45.3 0.733
Time to cranioplasty (days, median) 96 64 0.462
Sex 1.000
 Male 4 8
 Female 2 3
Blood loss (cc, median) 450 300 0.073
Seizure 1 2 1.000
Hydrocephalus 1 5 0.333
Postoperative infections 0 3 0.515

Table 5. Statistical analysis of the length of hospital stay
Simultaneous Staged p-value

Hospital stay (days, mean) 31.67 80.09 0.015

www.thenerve.net

Park YM, et al. Comparison of Simultaneous Cranioplasty and Staged Cranioplasty

80



CONFLICTS OF INTEREST 

No potential conflict of interest relevant to this article was 

reported. 

REFERENCES 

1. Alkhaibary A, Alharbi A, Alnefaie N, Oqalaa Almubarak A, Alo-

raidi A, Khairy S: Cranioplasty: A Comprehensive Review of the 

History, Materials, Surgical Aspects, and Complications. World 

Neurosurg 139:445–452, 2020 

2. Aydin S, Kucukyuruk B, Abuzayed B, Aydin S, Sanus GZ: Cra-

nioplasty: Review of materials and techniques. J Neurosci Rural 

Pract 2:162–167, 2011 

3. Chang V, Hartzfeld P, Langlois M, Mahmood A, Seyfried D: Out-

comes of cranial repair after craniectomy. J Neurosurg 112:1120–

1124, 2010 

4. Chiarini L, Figurelli S, Pollastri G, Torcia E, Ferrari F, Albanese M, 

et al.: Cranioplasty using acrylic material: a new technical pro-

cedure. J Craniomaxillofac Surg 32:5–9, 2004 

5. Cooper DJ, Rosenfeld JV, Murray L, Arabi YM, Davies AR, D'Urso 

P, et al.: Decompressive craniectomy in diffuse traumatic brain 

injury. N Engl J Med 364:1493–502, 2011 

6. Dujovny M, Aviles A, Agner C, Fernandez P, Charbel FT: Cranio-

plasty: cosmetic or therapeutic? Surg Neurol 47:238–241, 1997 

7. Gladstone HB, McDermott MW, Cooke DD: Implants for cra-

nioplasty. Otolaryngol Clin North Am 28:381–400, 1995 

8. Goldstein JA, Paliga JT, Bartlett SP: Cranioplasty: indications and 

advances. Curr Opin Otolaryngol Head Neck Surg 21:400–409, 

2013 

9. Gooch MR, Gin GE, Kenning TJ, German JW: Complications of 

cranioplasty following decompressive craniectomy: analysis of 

62 cases. Neurosurg Focus 26:E9, 2009 

10. Halani SH, Chu JK, Malcolm JG, Rindler RS, Allen JW, Grossberg 

JA, et al.: Effects of Cranioplasty on Cerebral Blood Flow Follow-

ing Decompressive Craniectomy: A Systematic Review of the 

Literature. Neurosurgery 81:204–216, 2017 

11. Honeybul S: Neurological susceptibility to a skull defect. Surg 

Neurol Int 5:83, 2014 

12. Honeybul S, Ho KM: Cranioplasty: morbidity and failure. Br J 

Neurosurg 30:523–528, 2016 

13. Jeyaraj P: Importance of Early Cranioplasty in Reversing the 

"Syndrome of the Trephine/Motor Trephine Syndrome/Sinking 

Skin Flap Syndrome". J Maxillofac Oral Surg 14:666–673, 2015 

14. Kolias AG, Kirkpatrick PJ, Hutchinson PJ: Decompressive cra-

niectomy: past, present and future. Nat Rev Neurol 9:405–415, 

2013 

15. Kuo JR, Wang CC, Chio CC, Cheng TJ: Neurological improve-

ment after cranioplasty - analysis by transcranial doppler ultra-

sonography. J Clin Neurosci 11:486–489, 2004 

16. Kwarcinski J, Boughton P, Ruys A, Doolan A, Van Gelder J: Cra-

nioplasty and craniofacial reconstruction: A review of implant 

material, manufacturing method and infection risk. Appl Sci 

7:276, 2017 

17. Lee L, Ker J, Quah BL, Chou N, Choy D, Yeo TT: A retrospective 

analysis and review of an institution's experience with the com-

plications of cranioplasty. Br J Neurosurg 27:629–635, 2013 

18. Li A, Azad TD, Veeravagu A, Bhatti I, Long C, Ratliff JK, et al.: Cra-

nioplasty Complications and Costs: A National Population-Lev-

el Analysis Using the MarketScan Longitudinal Database. World 

Neurosurg 102:209–220, 2017 

19. Malcolm JG, Rindler RS, Chu JK, Grossberg JA, Pradilla G, Ah-

mad FU: Complications following cranioplasty and relationship 

to timing: A systematic review and meta-analysis. J Clin Neuros-

ci 33:39–51, 2016 

20. Moreira-Gonzalez A, Jackson IT, Miyawaki T, Barakat K, DiNick 

V: Clinical outcome in cranioplasty: critical review in long-term 

follow-up. J Craniofac Surg 14:144–153, 2003 

21. Schirmer CM, Ackil AA, Malek AM: Decompressive Craniecto-

my. Neurocrit Care 8:456–470, 2008 

22. Segal DH, Oppenheim JS, Murovic JA: Neurological recovery af-

ter cranioplasty. Neurosurgery 34:729–731, 1994 

23. Song J, Liu M, Mo X, Du H, Huang H, Xu GZ: Beneficial impact of 

early cranioplasty in patients with decompressive craniectomy: 

evidence from transcranial Doppler ultrasonography. Acta Neu-

rochir (Wien) 156:193–198, 2014 

24. Stiver SI: Complications of decompressive craniectomy for trau-

matic brain injury. Neurosurg Focus 26:E7, 2009  

25. Suzuki N, Suzuki S, Iwabuchi T: Neurological improvement af-

ter cranioplasty. Analysis by dynamic CT scan. Acta Neurochir 

(Wien) 122:49–53, 1993 

26. Walcott BP, Kwon CS, Sheth SA, Fehnel CR, Koffie RM, Asaad 

WF, et al.: Predictors of cranioplasty complications in stroke and 

trauma patients. J Neurosurg 118:757–762, 2013 

27. Xu H, Niu C, Fu X, Ding W, Ling S, Jiang X, et al.: Early cranio-

plasty vs. late cranioplasty for the treatment of cranial defect: A 

systematic review. Clin Neurol Neurosurg 136:33–40, 2015 

28. Yadla S, Campbell PG, Chitale R, Maltenfort MG, Jabbour P, 

Sharan AD: Effect of early surgery, material, and method of flap 

preservation on cranioplasty infections: a systematic review. 

www.thenerve.net

Park YM, et al. Comparison of Simultaneous Cranioplasty and Staged Cranioplasty

81

https://doi.org/10.1016/j.wneu.2020.04.211
https://doi.org/10.1016/j.wneu.2020.04.211
https://doi.org/10.1016/j.wneu.2020.04.211
https://doi.org/10.1016/j.wneu.2020.04.211
https://doi.org/10.4103/0976-3147.83584
https://doi.org/10.4103/0976-3147.83584
https://doi.org/10.4103/0976-3147.83584
https://doi.org/10.3171/2009.6.jns09133
https://doi.org/10.3171/2009.6.jns09133
https://doi.org/10.3171/2009.6.jns09133
https://doi.org/10.1016/j.jcms.2003.08.005
https://doi.org/10.1016/j.jcms.2003.08.005
https://doi.org/10.1016/j.jcms.2003.08.005
https://doi.org/10.1056/nejmoa1102077
https://doi.org/10.1056/nejmoa1102077
https://doi.org/10.1056/nejmoa1102077
https://doi.org/10.1016/s0090-3019(96)00013-4
https://doi.org/10.1016/s0090-3019(96)00013-4
https://doi.org/10.1016/s0030-6665(20)30552-1
https://doi.org/10.1016/s0030-6665(20)30552-1
https://doi.org/10.1097/moo.0b013e328363003e
https://doi.org/10.1097/moo.0b013e328363003e
https://doi.org/10.1097/moo.0b013e328363003e
https://doi.org/10.3171/2009.3.focus0962
https://doi.org/10.3171/2009.3.focus0962
https://doi.org/10.3171/2009.3.focus0962
https://doi.org/10.1093/neuros/nyx054
https://doi.org/10.1093/neuros/nyx054
https://doi.org/10.1093/neuros/nyx054
https://doi.org/10.1093/neuros/nyx054
https://doi.org/10.4103/2152-7806.133886
https://doi.org/10.4103/2152-7806.133886
https://doi.org/10.1080/02688697.2016.1187259
https://doi.org/10.1080/02688697.2016.1187259
https://doi.org/10.1007/s12663-014-0673-1
https://doi.org/10.1007/s12663-014-0673-1
https://doi.org/10.1007/s12663-014-0673-1
https://doi.org/10.1038/nrneurol.2013.106
https://doi.org/10.1038/nrneurol.2013.106
https://doi.org/10.1038/nrneurol.2013.106
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/10.3390/app7030276
https://doi.org/10.3390/app7030276
https://doi.org/10.3390/app7030276
https://doi.org/10.3390/app7030276
https://doi.org/10.3109/02688697.2013.815313
https://doi.org/10.3109/02688697.2013.815313
https://doi.org/10.3109/02688697.2013.815313
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.jocn.2016.04.017
https://doi.org/10.1016/j.jocn.2016.04.017
https://doi.org/10.1016/j.jocn.2016.04.017
https://doi.org/10.1016/j.jocn.2016.04.017
https://doi.org/10.1097/00001665-200303000-00003
https://doi.org/10.1097/00001665-200303000-00003
https://doi.org/10.1097/00001665-200303000-00003
https://doi.org/10.1007/s12028-008-9082-y
https://doi.org/10.1007/s12028-008-9082-y
https://doi.org/10.1227/00006123-199404000-00024
https://doi.org/10.1227/00006123-199404000-00024
https://doi.org/10.1007/s00701-013-1908-5
https://doi.org/10.1007/s00701-013-1908-5
https://doi.org/10.1007/s00701-013-1908-5
https://doi.org/10.1007/s00701-013-1908-5
https://doi.org/10.3171/2009.4.focus0965
https://doi.org/10.3171/2009.4.focus0965
https://doi.org/10.1007/bf01446986
https://doi.org/10.1007/bf01446986
https://doi.org/10.3171/2013.1.jns121626
https://doi.org/10.3171/2013.1.jns121626
https://doi.org/10.3171/2013.1.jns121626
https://doi.org/10.1016/j.clineuro.2015.05.031
https://doi.org/10.1016/j.clineuro.2015.05.031
https://doi.org/10.1016/j.clineuro.2015.05.031
https://doi.org/10.1227/neu.0b013e31820a5470
https://doi.org/10.1227/neu.0b013e31820a5470
https://doi.org/10.1227/neu.0b013e31820a5470


Neurosurgery 68:1124–1129, discussion 1130. 2011 

29. Zanaty M, Chalouhi N, Starke RM, Clark SW, Bovenzi CD, Saigh 

M, et al.: Complications following cranioplasty: incidence and 

predictors in 348 cases. J Neurosurg 123:182–188, 2015 

www.thenerve.net

Park YM, et al. Comparison of Simultaneous Cranioplasty and Staged Cranioplasty

82

https://doi.org/10.1227/neu.0b013e31820a5470
https://doi.org/10.3171/2014.9.jns14405
https://doi.org/10.3171/2014.9.jns14405
https://doi.org/10.3171/2014.9.jns14405

