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Article 
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Abstract 

Background: The sitting position for craniotomies, although often surgically advantageous, can 
impose serious risks to patient safety. Objective(s): To evaluate long-term post-operative follow up 
in patients undergoing craniotomies in the sitting position. Design: Retrospective cohort study. 
Setting: We utilized the TriNetX web interface to perform real-world data (RWD) analysis focusing 
on a long-term (10 year) follow-up of patients who underwent cranial anesthesia in sitting positions 
(CPT 00218). Patients: We performed two patients cohorts: cohort 1, patients aged > 50 years and cohort 
2, patients with ages 18-50 Intervention: Patients with a history of Alzheimer’s, dementia, 
Parkinson’s, or any similar conditions were excluded. Main outcome measures: We evaluated 
embolism-related complications, postprocedural complications, vascular and circulatory 
complications, neurological conditions, hematomas and hemorrhages, and other pathologies 
including death. Risk ratio and other statistics were calculated in the TriNetX web-interface. Results: 
For the ten-year follow up period, we found that mortality (RR 3.663 (2.51-5.346); p<0.0001) and 
delirium-all (RR 2.268 (1.106-4.652); p=0.021) were significantly higher in the older cohort (>50 years) 
than in the younger cohort (18-50 years). Irrespective of the type of surgical procedure, neurological 
complications do exist in the long term in patients undergoing craniotomies in sitting positions. 
Conclusions: Further analysis is needed to understand the root causes of the observed delirium 
phenomenon in the older patient population.  

Keywords: sitting position; complications; craniotomy; TriNetX 
Key points: 

• A 10-year post-operative follow up of patients undergoing craniotomy in sitting position was

performed.

• Surgeries in sitting posture led to some neurological complications, irrespective of patient age.

• Patients above 50 years of age were 2.2 times more likely to experience delirium and 3.6 times

more likely to be deceased.

Introduction 

The sitting position for craniotomies, although often surgically advantageous, can impose 
serious risks to patient safety [1]. From a surgical perspective, the sitting position provides superior 
brain relaxation and reduces intracranial pressure due to enhanced jugular venous drainage [2,3]. 
However, the sitting position requires increasing mean arterial pressure to overcome gravity-
mediated reductions in cerebral perfusion [4–6]. Furthermore, the sitting position increases risk of 
venous air embolism (VAE) and other serious and life-threatening complications [1,2,6]. Given this 
unique risk-benefit ratio and the dearth of outcome data, we investigated long-term outcomes of 
patients undergoing craniotomies in sitting position using a real-world data (RWD) analysis and 
studied how age modifies these outcomes.    
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Methods  

We performed RWD analysis using global federated health research network tool – TriNetX. 
TriNetX provides statistics on electronic medical records (diagnoses, procedures, medications, etc.), 
and no protected health information is provided. All the data in this retrospective cohort study using 
TriNetX tool is deidentified, represented as aggregated counts, and statistical summaries - hence, IRB 
approval was not required for this study.  

The detailed steps of the study are provided in Figure 1 (supporting information provided in 
Supplement A-B). We focused on adult patients (greater than 18 years of age) in Healthcare 
Organization (HCOs) in the “Research” network that comprises of 103 institutions in 6 countries. We 
focused our analysis on patients that have undergone craniotomies in the sitting position (CPT 00218 
- anesthesia for intracranial procedures; procedures in sitting position) until the query date (January 
29th, 2025). Selected patients were divided into two cohorts: cohort 1 – patients greater than 50 years 
of age; cohort 2 – patients with ages 18-50. Next, for the main outcomes of the study we evaluated 
pathological issues (detailed International Classification of Diseases 10th Revision (ICD-10) codes 
provided in parenthesis) ten years after sitting position surgeries such as embolism-related 
complications (venous air embolism (air embolism - traumatic) - T79.0, air embolism following 
infusion, transfusion and therapeutic injection - T80.0, paradoxical embolism - I74.9, air embolism – 
all - T79.0, T79.0XXD, T79.0XXS, T79.0XXA, T80.0, I74.9, pulmonary embolism - I26.9), postprocedural 
complications (postprocedural hematoma - G97.61, pneumocephalus - G93.89), vascular and 
circulatory issues (cerebral ischemia - I67.82, hypotension - I95.9), neurological conditions 
(quadriplegia - G82.50, paraplegia - G82.20, nerve injuries - T14.8, delirium - F05, delirium – all -F05, 
R40.0, R41.0) [10], hematomas and hemorrhages (subdural hematoma - G97.61, subdural hemorrhage 
- S06.5X0A, S06.5X0D, S06.5X0S), and other pathologies (macroglossia - Q38.2) including death  
[1,2,6]. Patients with any COVID-19 diagnosis (TNX 9088), vascular dementia (ICD-10 F01), dementia 
in other diseases classified elsewhere (ICD-10 F02), unspecified dementia (ICD-10 F03), Alzheimer’s 
disease (ICD-10 G30), other degenerative diseases of nervous system (ICD-10 G31), secondary 
parkinsonism (ICD-10 G21), or mild cognitive impairment of unknown etiology (ICD-10 G31.84) 
were excluded from the patient cohorts. We followed STROBE recommendations for reporting the 
data.  

 

Figure 1. An overall layout of the retrospective cohort study using TriNetX tool is provided here. Intracranial 
anesthesia in sitting posture was selected by CPT code 00218 in this study and the index event here is a ten-year 
follow-up. . 
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Statistical analyses comparing these two cohorts were performed in TriNetX web interface and 
index event were taken from first day. We compared the aforementioned outcomes for a 10-year 
period. As mentioned in Figure 1, patients meeting index criteria more than 20 years ago were 
excluded from the analysis. Aggregated counts below ten were rounded up for patient privacy in 
TriNetX and the same was noted in the findings. Risk ratio of a health event was calculated as ratio 
of incidence (or risk) in cohort 1 to incidence (or risk) in cohort 2. Risk ratio outputs were plotted using 
forestplot package [11] in RStudio environment [12]. Data was considered significant at p<0.05.  

Results 

Detailed TriNetX output is provided in Supplement C. Patient data was analyzed from 1993 to 
2024. We started with 135,324,401 patients in the TriNetX network across 103 HCOs in 6 countries. 
After application of population filter (only adults >18 years of age) and inclusion exclusion criteria, 
the cohort 1 (>50 years) comprised of 950 patients and cohort 2 (<50 years) comprised of 501 patients. 
Both patient cohorts belonged to United States only.    

Detailed patient demographics for both cohorts are provided in Table 1. Mean age of cohort 1 
was significantly greater than cohort 2 by 44.6% (73.6±12.7 years vs. 32.8±8.99 years; p<0.0001). 
Proportion of females in comparison to males was similar across cohorts (cohort 1 - 52% : 48% vs. 
cohort 2 - 51% : 49%; p=0.6846). Furthermore, cohort 1 had almost 9% (significantly) higher proportion 
of white patients as compared to cohort 2 (60% vs 51%; p<0.0001). Hispanic or Latino population was 
significantly greater in younger cohort (cohort 2) as compared to older one (cohort 1) (8% vs 3%; 
p<0.0001).        

Table 1. Detailed demographic comparison of the two cohorts utilized in this retrospective cohort study is 
provided here. Boldface text shows statistically significant outcomes. 

Demographics 

Cohort 1 

(>50 years) 

(n=920) 

Cohort 2 

(<50 years) 

(n=488) 

Std. Diff P-value 

Age (years) 73.6 ± 12.7 32.8 ± 8.99 3.7095 <0.0001 

Female 478 (52%) 248 (51%) 0.0227 0.6846 

Male 442 (48%) 240 (49%) 0.0227 0.6846 

Not Hispanic or 

Latino 500 (54%) 305 (63%) 0.166 0.0033 

Unknown 

Ethnicity 396 (43%) 142 (29%) 0.2935 <0.0001 

Hispanic or 

Latino 24 (3%) 41 (8%) 0.2561 <0.0001 

White 555 (60%) 250 (51%) 0.1839 <0.0001 

Unknown Race 291 (32%) 178 (36%) 0.1024 0.0664 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 August 2025 doi:10.20944/preprints202508.0978.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.0978.v1
http://creativecommons.org/licenses/by/4.0/


 4 of 11 

 

Black or African 

American 46 (5%) 34 (7%) 0.083 0.1292 

Asian 18 (2%) 15 (3%) 0.0714 0.1873 

American Indian 

or Alaskan 

Native 10 (1%) 10 (2%) 0.0775 0.1465 

Native Hawaiian 

or others 10 (1%) 10 (2%) 0.0775 0.1465 

Other Race 10 (1%) 10 (2%) 0.0775 0.1465 

From the analyzed outcomes over a period of 10 years, the risk of pulmonary embolism (RR = 
1.076(0.471-2.457); p=0.863), postprocedural hematoma (RR = 0.853(0.355-2.003); p=0.699), 
pneumocephalus (RR = 1.069(0.68-1.68); p=0.773), hypotension (RR = 1.756(0.834-3.698); p=0.132), 
paraplegia (RR = 0.873(0.368-2.071); p=0.757), nerve injuries (RR = 0.885(0.373-2.099); p=0.781), 
subdural hematoma (RR = 0.878(0.37-2.084); p=0.768), and subdural hemorrhage (RR = 0.887(0.374-
2.105); p=0.785) was similar across both cohorts (Figure 2, Table 2). The risk of any delirium event (or 
Delirium-All here) was significantly 2.268 times greater in the older cohort as compared to the younger 
one (RR = 2.268 (1.106-4.652); p=0.021); even though the aggregate counts for cohort 2 were rounded 
up to 10. As expected, the risk of death was 3.663 times (significantly) greater for cohort 1 vs. cohort 2 
(RR = 3.663 (2.51-5.346); p<0.0001) (Figure 2, Table 2). Air embolism following infusion, transfusion 
and therapeutic injection (T80.0), air embolism – all (T79.0, T79.0XXD, T79.0XXS, T79.0XXA, T80.0, 
I74.9), cerebral ischemia (I67.82), and quadriplegia (G82.50) events were significant different across 
cohorts (Table 2); however, aggregate counts for the cohorts were either zero or rounded up to 10. 
The risk ratio was not computed for venous air embolism (air embolism-traumatic), paradoxical 
embolism, and macroglossia as there were no reported cases in either cohort.
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Table 2. Ten-year follow up on patients undergoing cranial anesthesia in sitting position (CPT 00218). 

Patients with 

outcomes 
ICD-10 code 

Patients 

analyzed 

Patients with 

Outcomes - 

Cohort 1 (>50 

years) 

Patients 

Analyzed  

Patients with 

Outcomes - 

Cohort 2 (<50 

years) 

Risk Ratio CI-L CI-U P-value 

Embolism-

related 

complications 

                  

Venous Air 

Embolism (Air 

embolism - 

traumatic) 

T79.0 385 0 338 0 - - - - 

Air embolism 

following 

infusion, 

transfusion 

and 

therapeutic 

injection  

T80.0 385 0 338 10# - - - 0.001 
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Pardoxical 

Embolism 
I74.9 385 0 338 0 - - - - 

Air embolism 

- all 

T79.0, 

T79.0XXD, 

T79.0XXS, 

T79.0XXA, 

T80.0, I74.9 

385 0 338 10# - - - 0.001 

Pulmonary 

Embolism 
I26.9 376 12 337 10# 1.076 0.471 2.457 0.863 

          

Postprocedural 

complications                   

Postprocedura

l Hematoma 
G97.61 385 10# 338 10# 0.843 0.355 2.003 0.699 

Pneumocephal

us 
G93.89 307 35 300 32 1.069 0.68 1.68 0.773 

          

Vascular and 

Circulatory 

Issues 
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Cerebral 

Ischemia 
I67.82 380 11 337 0 - - - 0.002 

Hypotension I95.9 385 20 338 10# 1.756 0.834 3.698 0.132 
          

Neurological 

Conditions                   

Quadriplegia G82.50 384 0 337 10# - - - 0.001 

Paraplegia G82.20 385 10# 336 10# 0.873 0.368 2.071 0.757 

Nerve Injuries T14.8 381 10# 337 10# 0.885 0.373 2.099 0.781 

Delirium  F05 383 10# 338 10# 0.883 0.372 2.094 0.777 

Delirium - All 
F05, R40.0, 

R41.0 
367 25 333 10# 2.268 1.106 4.652 0.021 

          

Hematomas and 

Hemorrhages 
                  

Subdural 

Hematoma 
G97.61 385 10# 338 10# 0.878 0.37 2.084 0.768 

Subdural 

Hemorrhage 

S06.5X0A, 

S06.5X0D, 

S06.5X0S 

380 10# 337 10# 0.887 0.374 2.105 0.785 

          

Others                   
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Macroglossia Q38.2 385 0 338 0 - - - - 

Deceased   385 121 338 29 3.663 2.51 5.346 <0.0001 

# indicates values that were rounded off to nearest digit in TriNetX database due to patient privacy. 
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Figure 2. Forest plot of risk ratios for pathological outcomes in patients subjected to cranial anesthesia in sitting 
position (CPT 00218) after 10 years. Death or mortality event was significantly (RR 3.663 (2.51-5.346); p<0.0001) 
greater for cohort 1 (patients >50 years) as compared to cohort 2 (18-50 years of age). The risk of delirium 
(delirium-all) was significantly higher for the older cohort in ten-year follow up as well (RR 2.268 (1.106-4.652); 
p=0.021). In the plots * indicates statistically significant outcomes. 

Discussion  

Our retrospective cohort study was a real-world data (RWD) analysis, facilitated by TriNetX 
global network, on a ten-year follow-up on patients undergoing craniotomies in the sitting position. 
We provide insight into the post-operative outcomes of these patients, particularly as it pertains to 
age. Chiefly, the risk of delirium and death was significantly greater for patients over the age of fifty 
as compared to younger patients (18-50 years of age, Figure 2, Table 2). Other pathological risks were 
either non-significant across cohorts or too small to be quantified/analyzed further.  

Estimated blood loss and transfusion requirements are lower for craniotomies in the sitting 
position  [13]. However, problems such as increased intraoperative hypotension, reduced cerebral 
perfusion and postoperative neurological deficits complicates these surgical benefits [8]. 
Emamimeybodi et al.[6] report a complication rate of 1.45%, with elevated chances of VAE in high 
head angle positions. Incidence of paradoxical air embolism in sitting position surgeries historically 
has been reported in a wide range (~14-76% in some cases) and is typically greater in patients that 
have a patent foramen ovale [1,14,15]. Rath et al. [2] reported that in their retrospective analysis of 
sitting position posterior fossa surgeries, VAE was detected in ~15.2% (from a total of 260 patients 
studies) and prolonged mechanical ventilation were noted, compared to traditional positions. 
Interestingly, Ture et al.[16] report that 30° head elevations led to reduced incidence of VAE in sitting 
position surgeries (compared to 45° head elevations), and patients with meningioma were more 
prone to VAE risk than other types of surgical procedures. On the other hand, sitting positions 
procedures led to better lower cranial nerve functions, lowered blood loss/transfusion, and reduced 
overall duration of surgery.   

The level of surgical details provided for each patient in TriNetX database is limited and hence 
it is difficult to ascertain the exact type of surgery or mode(s) of anesthesia utilized in this study. Our 
inclusion criteria, CPT 00218, provides patients that underwent anesthesia for craniotomies in the 
sitting position. However, it is uncertain whether all or none of the patients underwent surgery of 
the posterior fossa or any related brain region that is most prone to VAE risk. Similarly, there was no 
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information regarding patent foramen ovale, presence of intracardiac right-to-left shunt, or head 
elevation angles for the cohorts in this study, to make a comparative analysis with previously 
published literature [1,6,8,13–16]. Contrary to the above findings, we did not find any case of VAE in 
both young and old patient cohorts that underwent anesthesia for cranial procedure in sitting 
position.  

The two major adverse events that stood out from the outcomes in the study were delirium and 
death. Delirium can be encoded by multiple ICD-10 codes, and hence, we analyzed delirium (F05) 
only and delirium-all (F05, R40, or R41) separately as suggested by Harrison et al. [10]. Risk of 
delirium was 2.268 times greater for the older patient cohort (>50 years) over the follow up period of 
ten-years post-surgery. The root cause of post-operative delirium is multifactorial and cannot isolate 
a singular cause; however, lower cerebral perfusion could be one of the key factors. The lower 
cerebral perfusion pressure can be caused by overestimation of blood pressure in the brain due to the 
sitting position - “the waterfall effect” [17]. This phenomenon can be the simplest way of explaining 
the overestimation of blood pressure in the brain i.e. the hydrostatic column of blood from the heart 
to the brain due to the sitting posture may be greater than the pressure measured at the brachial 
artery. This reduction in cerebral perfusion pressure could potentially lead to cerebral ischemia and 
cerebral desaturation events [18–20]. We did find 11 cases of cerebral ischemia in the older cohort and 
zero cases in the younger cohort in our analysis (Table 2). However, the delirium numbers were 
greater than the cerebral ischemia aggregated counts. Hence, cerebral ischemia may be one of the 
pathological outcomes, but it is not as critical as delirium for patients undergoing anesthesia for 
cranial procedures in sitting positions.  

To the best of our knowledge, this is the first study that shows that delirium is a key pathological 
event in the long term follow up of patients undergoing anesthesia for cranial procedures in sitting 
position. Taken together, the sitting posture, irrespective of the surgery type increases risk of delirium 
in patients older than 50 years. Further studies are necessary to understand if cerebral hypoperfusion 
or lower cerebral perfusion is the key mechanism for delirium occurrence in these patients.  
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