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Impact of early percutaneous dilatative tracheostomy in patients with subarachnoid hemorrhage on main cerebral, hemodynamic, and respiratory variables: A prospective observational study
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Introduction: Patients with poor-grade subarachnoid hemorrhage (SAH) admitted to the intensive care unit (ICU) often require prolonged invasive mechanical ventilation due to prolonged time to obtain neurological recovery. Impairment of consciousness and airway protective mechanisms usually require tracheostomy during the ICU stay to facilitate weaning from sedation, promote neurological assessment, and reduce mechanical ventilation (MV) duration and associated complications. Percutaneous dilatational tracheostomy (PDT) is the technique of choice for performing a tracheostomy. However, it could be associated with particular risks in neurocritical care patients, potentially increasing the risk of secondary brain damage.

Methods: We conducted a single-center, prospective, observational study aimed to assess PDT-associated variations in main cerebral, hemodynamic, and respiratory variables, the occurrence of tracheostomy-related complications, and their relationship with outcomes in adult patients with SAH admitted to the ICU of a neurosurgery/neurocritical care hub center after aneurysm control through clipping or coiling and undergoing early PDT.

Results: We observed a temporary increase in ICP during early PDT; this increase was statistically significant in patients presenting with higher therapy intensity level (TIL) at the time of the procedural. The episodes of intracranial hypertension were brief, and appeared mainly due to the activation of cerebral autoregulatory mechanisms in patients with impaired compensatory mechanisms and compliance.

Discussion: The low number of observed complications might be related to our organizational strategy, all based on a dedicated “tracheo-team” implementing both PDT following a strictly defined protocol and accurate follow-up.
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Highlights




• To our knowledge, this is the first prospective study performed exclusively on patients suffering from poor-grade SAH to evaluate ICP variations during PDT.

• PDT is not without risk, but intra-procedure intracranial hypertension and CPP reduction are transient, and do not impact clinical outcomes.

• Before performing a tracheostomy, current TIL and ICP variations during EDV clamping test should be assessed; if there is concern about intracranial hypertension and or EDV clamp intolerance, the procedure should be deferred.

• A specialized tracheo-team allows standardization of the procedure and treatment of any complications through dedicated protocols, thus minimizing the risks.

• In patients with acute brain injury the recommended timing for PDT is not defined; in poor-grade SAH it is meaningful to consider PDT after early brain injury and before the second hit of vasospasm (day III–V).



Introduction

Subarachnoid hemorrhage (SAH) is a severe clinical entity that mainly affects patients between 55 and 60 years of age, primarily affecting females (60–70% of cases). SAH has been associated with a variable mortality rate of 30–50% and a favorable outcome ranging from 25 to 58% (1–6).

Patients with poor-grade subarachnoid hemorrhage (1, 7), as per the World Federation of Neurosurgical Societies (WFNS) score (8) and Hunt and Hess (HH) scale (9), admitted to the intensive care unit (ICU) often require prolonged hospitalization. Slow recovery of consciousness and impaired airway protective mechanisms complicate extubation, eventually impacting the reliability of conventional predictor criteria for successful extubation (10–12). When the need for invasive mechanical ventilation (MV) beyond 14 days is expected, performing tracheostomy, rather than prolonged tracheal intubation, might be advisable (13, 14).

In the recent consensus for mechanical ventilation in patients with acute brain injury released by the European Society of Intensive Care Medicine (ESICM) (15), no recommendation on optimal timing for tracheostomy was provided due to contradictory low quality evidence available at the time of writing. The limited evidence supporting early tracheostomy in neurocritical patients, (6, 16–23) and, specifically in SAH (5, 24), suggests an increased patient comfort, potential facilitation of sedation weaning, an improvement in the feasibility of neurological assessment, and potentially, a decrease in the duration of MV and the risk of ventilator-associated events (VAEs), and a lower ICU length of stay (LOS) and the associated costs. However, to date, no definitive recommendations exist supporting the standardization of timing for tracheostomy in this population (15).

Tracheostomy is a well-established procedure commonly performed bedside in the ICU. A broad consensus supports the choice of percutaneous dilatational tracheostomy (PDT) as the preferred method compared with surgical tracheostomy (25–31). In patients with brain injury, PDT could be associated with peculiar risks, such as hypoxia, hypercapnia, temporary apnea, systemic arterial hypertension, and hyperextension of the neck, which can induce intracranial hypertension (HICP), defined as ICP above 20 mm Hg (1, 3, 4, 13, 32, 33), thus increasing the risk of secondary brain damage.

To date, there are no conclusive findings or recommendations on the indications for ICP monitoring in patients suffering from SAH. In the case of acute symptomatic hydrocephalus following a SAH, the American Heart Association and American Stroke Association recommendations suggested inserting an intraventricular catheter (34). In patients suffering from SAH, the % of ICP monitoring is variable among different centers; Baggiani et al. (35) reports 69% ICP monitored patients (inter-center variability from 6.4 to 82.1%), and out of them, 54.9% had external ventricular catheter; in poor grades (WFNS IV–V), the percentage is 73%. Intracranial hypertension is recorded in 54.7% of cases; in patients with DVE, the incidence of ICP > 20 mmHg is lower (46 vs. 75%). ICP monitoring appears to be associated with lower rates of unfavorable outcomes (35).

Many authors have investigated the variability in intracranial pressure (ICP) during tracheostomy in heterogeneous populations of neurocritical care patients with traumatic brain injury (TBI), intracranial hemorrhage (ICH), ischemic stroke, brain infections, and neoplastic disease. All of these present with variable pathophysiology, clinical course, and outcomes (13, 14, 32–38).

In this single-center prospective analysis, we aimed to assess the incidence of HICP and impaired hemodynamic and respiratory variables during early PDT in a cohort of patients exclusively with subarachnoid hemorrhage.



Methods

We conducted a single-center, prospective, observational study that included all consecutive adult patients with SAH admitted to the Intensive Care Unit of the Maurizio Bufalini Hospital, AUSL della Romagna (Azienda-Unità Sanitaria Locale, Local Healthcare Authority), Cesena, Italy (hub hospital for neurosurgery and neurocritical intensive care) from August 2017 to December 2020. The Ethical Committee of the AUSL della Romagna (Comitato Etico della Romagna, C.E.Rom.) reviewed and approved the study protocol (determination n° 2290), which met the Helsinki Declaration guidelines (39).

Inclusion criteria were age above 18 years, SAH admission diagnosis, aneurysm treatment with coiling or clipping, the requirement for PDT, and ICP monitoring during PDT. Patients without surgical or endovascular intervention due to ultra-early poor prognosis, no need for PDT, and a lack of ICP monitoring during PDT were excluded from the study.

A prognosis assessment, performed on the 2nd or 3rd day after ICU admission, identified the likelihood of prolonged ventilatory support (>14 days); the attending neurointensivists were in charge of the final decision to perform a tracheostomy. The presence of coagulation disorders, previous tracheostomies, goiter, anatomical abnormalities dislocating the trachea, or involving peritracheal blood vessels were considered absolute contraindications to PDT, and the presence of sustained ICP increases >20 mm Hg for at least 5 minutes during the previous 24 h, leading to a change in therapy intensity level (TIL) scale, were considered relative contraindications to PDT.

The primary outcome was the incidence of HICP, defined as ICP above 20 mmHg, during early PDT. The secondary endpoints were the incidence of periprocedural low cerebral perfusion pressure (CPP), below 65 mmHg, and hypercapnia, PaCO2, above 45 mm Hg, the frequency of early tracheostomy (performed in the first 7 days after an event) and late tracheostomy (performed after 7 days following an event) complications, neurological outcomes at 6 months, and mortality.

We recorded injury severity at ICU admission according to the WFNS score (8), HH scale (9), and Fisher scale (40) based on the first brain computed tomography, if an endovascular or surgical approach was used, and if decompressive craniectomy was performed during the first days after admission, before PDT. Days on invasive mechanical ventilation before PDT, the intensity of interventions according to TIL score (41), analgesia and sedation strategy, and other additional data were also collected (Table 1).



TABLE 1 Baseline patients’ characteristics, neurological injury severity, and associated interventions in the overall population of adult patients with SAH adult admitted during the study period after aneurysm control through clipping or coiling (n = 50).
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TIL score ranges from 0 (no ICP-directed therapy) to 4 (extreme therapy). TIL takes into account the following items: osmotic therapy, ventilation and PaCO2 targets, temperature targets, sedation levels, vasopressors infusion, CSF drainage, and decompressive craniectomy (41).


Variables and measurement

Procedural vital signs (ICP, CPP, mean arterial pressure (MAP), heart rate (HR), SpO2, EtCO2 - (Drager Infinity C700 for IT monitor, Drager Medical AG & Co KG D-23542 Lubeck Germany), as PaO2 and PaCO2 (RAPID Systems blood gas analyzer, Siemens Healthcare Diagnostics Inc. 511 Benedict Avenue Tarrytown NY 10591-5097, United States), were recorded at five predetermined timepoints: T1, baseline, T2, patient positioning, T3, skin incision, T4, cannulation, and T5, 10 min after completion of the procedure (32, 33, 36, 37) (Tables 2, 3). The duration of the procedure, from skin incision until EtCO2 waveform recovery, (14, 42) has been reported. The hourly cerebrospinal fluid (CSF) drainage volume in the 24 h prior to the procedure was recorded.



TABLE 2 Baseline tracheostomy and pre-tracheostomy data in the overall population and stratified according to normal versus high ICP status.
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TABLE 3 Variation of main parameters recorded at five predetermined time points during the tracheostomy procedure.
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Patients with ICP values >20 mmHg (32, 33, 36, 37) requiring additional therapies for the treatment of raised ICP were classified as high-ICP (H-ICP); patients who did not present with ICP values >20 mmHg were defined as having normal ICP (N-ICP). The threshold for low CPP was set at 65 mmHg in this population (1).



Procedure

Tracheostomy was performed by a team of experienced physicians and nurses, consistently with a previously published protocol (43), according to the Ciaglia approach (44, 45), and using the “Blue Rhino” set (Cook Critical Care, Bloomington, IN). Continuous airway monitoring through bronchoscopy was performed during the procedure (46, 47) over an endotracheal tube (7.5/8 mm OD) (48). A moderate anti-Trendelenburg position (20°) with neck hyperextension was obtained, guided by ICP monitoring, and maintained throughout PDT. The patients were managed with total intravenous anesthesia (midazolam or propofol combined with sufentanil and remifentanil) and muscular paralysis (rocuronium bromide or cisatracurium besylate). They were under controlled ventilation (intermittent positive pressure ventilation, IPPV), with a tidal volume (Vt) of 6–8 ml/kg, respiratory rate (RR) titrated to PaCO2, and a fraction of inspired oxygen (FiO2) of 1.

Prior to the procedure, the EVD is held open (49, 50) with hourly clamping to measure ICP. The initial EVD setting was +10 cmH2O. At the skin incision point, the EVD was clamped, allowing ICP monitoring during PDT.

In an episode of ICP elevation above 20 mmHg for at least 1 minute (1, 4), a management protocol was performed: a single shot of 5 ml liquor drainage (if ventricular catheter in place), then any or more of the following interventions, on a case by case basis: temporary removal of the fiber-optic endoscope to improve mechanical ventilation, or hyperventilation (if EtCO2 increased >5 mm Hg with a fiber-optic endoscope inserted), a bolus of hypertonic saline solution (NaCl 3%, 250 ml) or mannitol 18% (0.5 mg/kg), a bolus of sedation, and increasing vasopressor (norepinephrine) dosage (1, 4, 32, 36, 51).



Outcome

Periprocedural complications have been reported, particularly accidental extubation, posterior tracheal wall puncture, tracheal ring rupture, false passage, pneumothorax, and bleeding (self-limiting or requiring treatment). Any interruption in the procedure to manage eventual complications or the requirement for transition to surgical tracheostomy was recorded.

The time on post-PDT mechanical ventilation was defined as the number of days from tracheostomy to full weaning from MV, ICU LOS was defined as the number of days from ICU admission to discharge, hospital LOS as the number of days from hospital admission until discharge, and cannula time as the number of days from tracheostomy until final decannulation.

A team of experienced neurointensive care nurses performed telephone interviews to assess complications (range 3–6 months) such as local infection (signs of inflammation/infections and cellulitis), late bleeding requiring interventions, granulomas, or tracheal stenosis requiring specific treatment. The Glasgow Outcome Scale (GOS) was used to assess neurological outcomes (52).



Study size

All patients meeting inclusion criteria and for whom no data were missed during the study period were enrolled.



Statistical analysis

Demographic and clinical data were reported using descriptive statistics. Quantitative variables were reported as median values (interquartile range, IQR) or mean (standard deviation, SD), while qualitative variables were reported as numbers (absolute value and %). Independent Student’s t-test, Mann–Whitney U test, and χ2 tests were used for statistical analysis, performed using IBM SPSS 22.0.



Reporting

The STROBE statement for reporting observational studies in epidemiology was followed (53).




Results

A total of 297 patients with SAH were admitted to the intensive care unit of Bufalini Hospital, AUSL della Romagna, Italy, from August 1, 2017, to December 31, 2020. Sixty patients did not undergo surgical or endovascular aneurysm treatment because of expected futility. Twenty-four of these experienced early death, according to neurological determination (DND). Thirty-six underwent early withdrawal of life-sustaining treatment (WLST) after extensive neuro-prognostication, performed 72 h following the initial event, consistently with current recommendations (54–56). The decision was shared with the families.

A total of 237 patients with SAH underwent coiling or clipping, 85 of whom underwent PDT. In 23 patients, ICP monitoring was not performed during tracheostomy and was excluded from the main analysis. Data were not completely available for 12 procedures because of organizational issues.

Fifty adult patients were included in the main analysis (Figure 1); characteristics of study participants are included in Table 1. Intracranial pressure was monitored through an external ventricular drain (EVD) in 46 patients (92%) and an intraparenchymal probe in four patients (8%). Hourly output of CSF in 24 h pre tracheostomy was 9.3 ± 2.6 (SD) ml/h in 46 patients with EVD.

[image: Figure 1]

FIGURE 1
 Flow chart of study population selection; in the gray boxes, the subjects were excluded from the main analysis (see methods). ICU, intensive care unit; SAH, subarachnoid hemorrhage; WLST, withdrawal of life-sustaining treatments; PDT, percutaneous dilational tracheostomy; ICP, intracranial pressure.


The mean age of the patients was 59 years (SD ± 12 years), and 34 (68%) were female. Thirty-eight patients (76%) presented with poor-grade SAH at ICU admission (WFNS and HH scores IV–V). On the first brain CT scan, 48 patients (96%) scored 3–4 on the Fisher scale.

Obliteration of the aneurysm occurred through surgical clipping in 28 patients (56%) and through coiling in the remaining 22 patients (44%). Decompressive craniectomy was performed in six patients (12%). SAH severity grading scores, and associated interventions are shown in Table 1. PDT was performed after a median of 4 days (IQR 3; mean 4.3, ±2.1). In 46 patients (94%), a tracheostomy was performed within the first week after ICU admission (Table 2).


Primary endpoint

The ICP value increased significantly from 12.6 mmHg (±5.6) at baseline (T1) to 17.1 mm Hg (±7.1) at skin incision (T3) to 19.1 mm Hg (±8.5) at cannulation (T4), then decreased to 11.4 mm Hg (±5.5) at the end of the procedure (Table 3).

An episode of ICP > 20 mmHg occurred in 27 patients (54%) in at least one of the five time points. In seven of them (26% of the raised ICP group), according to the limited duration and severity of the raised ICP episodes, no treatment was deemed necessary; in the remaining 20 (74%), interventions aimed at lowering ICP were implemented according to the previously described protocol. These 20 patients were included in the H-ICP group. The most commonly performed interventions were cerebrospinal fluid withdrawal (30% of patients in the H-ICP group), endoscope removal and ventilation or temporary hyperventilation (24%), additional sedation bolus (14%), and osmotic therapy (10%).

In H-ICP hourly output of CSF in the previous 24 h was 9.5 ± 2.5 ml/h vs. 9.2 ± 2.5 ml/h in N-ICP; in 15 patients with CSF withdrawal during PDT, hourly 24 h CSF output was 9.5 ± 2.4 ml/h, vs. 9.3 ± 2.5 in patients without CSF drainage.

Compared to the N-ICP group, H-ICP group presented significantly higher ICP values at T1, T4, and T5 (Figure 2A). Particularly, in the H-ICP group, a mean ICP of 22.3 mm Hg (±7.3) and 25.7 mm Hg (±8.0) at incision and cannulation, respectively. At T4, in 17 patients (34%), ICP increased above 20 mm Hg, and in 12 (24%), values increased to >25 mmHg. In these subgroups, at T5, the mean ICP values decreased to 13 mm Hg (±5) and 14 mm Hg (±5) mmHg, respectively. ICP decreased to 14.0 mm Hg (±5.1) at the end of the procedure (Figure 2A). In only one patient, an ICP value above 20 mmHg was recorded at T5; ICP was normalized as the standard position (head-of-bed, HoB) elevation to 30°.

[image: Figure 2]

FIGURE 2
 Box plots illustrating the distribution of ICP (A), CPP (B), MAP (C) and PaCO2 (D) values (minimum value, first quartile, median, third quartile, and maximum value) at the five time points in the whole group. ICP, intracranial pressure; CPP, cerebral perfusion pressure; MAP, mean arterial pressure; PaCO2, partial pressure of carbon dioxide in the arterial blood.


No significant relationship was observed between the risk of periprocedural intracranial hypertension and ICU and hospital LOS, the duration of mechanical ventilation, or the duration of mechanical ventilation after tracheostomy (Table 4). We observed a significant relationship between TIL recorded on the day of tracheostomy and the risk of raised intracranial pressure; patients in the H-ICP group more frequently presented with TIL 3–4 compared to patients in the N-ICP group (p = 0.005, odds ratio [OR] 5.4, confidence interval [CI] 1.5–18.7) (Table 1). SAH severity and aneurysm management, preprocedural sedation, plasma sodium concentration, and body temperature did not appear to be significantly associated with the risk of increased ICP during tracheostomy (Tables 1, 2).



TABLE 4 ICU and hospital length of stay, duration of mechanical ventilation, and days on tracheostomy stratified to normal versus high ICP status.
[image: Table4]

The mean duration of tracheostomy was 9 minutes (±7): 10 minutes (±8) in the H-ICP group versus 8 min (±6) in the N-ICP group (Table 2).



Secondary endpoints

Considering the entire population, a CPP decrease below 65 mmHg occurred at least once in 32 patients (64%), but CPP variation over the five time points was not significant (Table 3; Figure 2B). However, in the H-ICP group, compared to the N-ICP group, a significantly lower CPP was observed at T3 and T4. None of the patients presented with CPP < 65 mmHg at T5; a mean CPP of 72 mmHg (±8) was recorded at this last time point. The MAP increased significantly throughout the procedure, from baseline to cannulation, and then decreased at T5 (Figure 2C).

PaCO2 appeared stable across the five time points among the whole group, with no significant changes recorded (Table 3; Figure 2D). In the H-ICP group, compared to the N-ICP group, a significantly higher PaCO2 was observed at T4 (p = 0.0045, OR 1.1, CI: 1.0–1.2), as depicted in Figure 3.

[image: Figure 3]

FIGURE 3
 Box plots illustrating the distribution of ICP values (minimum value, first quartile, median, third quartile, and maximum value) at the five time points in patients presenting with N-ICP (light gray boxes) and H-ICP (dark gray boxes). ICP, intracranial pressure; N-ICP, normal intracranial pressure; H-ICP, high intracranial pressure.


We observed periprocedural PaO2 consistently above 150 mmHg; this parameter varied significantly during the procedure, increasing from 166 mm Hg (±111) at T1 to 351 mmHg (±121) at T2, and 359 mm Hg (±10) at T3, reaching the highest values at T4, 366 mmHg (±115), and returning to baseline values at the end of the procedure, T5, with a mean of 189 mmHg (±139; Table 3). No episodes of arterial oxygen saturation (SaO2) < 92% occurred during the procedures. At the end of PDT, five patients (10% of the whole group) had a PaO2 < 80 mmHg; alveolar recruitment maneuvers were able to revert hypoxemia in all of these patients.

During the tracheostomy procedure, two subcutaneous false passages, one tracheal ring rupture, and three self-limiting bleedings occurred. However, accidental extubation, posterior tracheal wall punctures, pneumothorax, or severe bleeding requiring surgical treatment were not incurred. The only late complication noticed during the ICU stay was the development of peristomal signs of inflammation in three patients (6%), managed with topical treatment. No late bleeding requiring surgical revision or confirmed tracheostomy infection was reported. None of the patients developed tracheal fistula, granulomas, tracheal stenosis, or required endoluminal airway repair.

The 6 months outcome, according to the GOS, was not significantly different between patients in the H-ICP and N-ICP groups (Table 5). At this time, 44 patients underwent decannulation. Among the 50 patients, four (8%) died in the ICU within 5–25 days after tracheostomy. One patient (2%) died at 3 months, still in the hospital post-intensive care unit, with the endotracheal cannula still in place. At the 6-month assessment, only one patient (2%) was still in the hospital; at the time of evaluation, the tracheal cannula was still in place (Figures 4, 5).



TABLE 5 GOS stratified according to normal versus high ICP status.
[image: Table5]
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FIGURE 4
 Box plots illustrating the distribution of CPP values (minimum value, first quartile, median, third quartile, and maximum value) at the five time points in patients presenting with N-ICP (light gray boxes) and H-ICP (dark boxes). CPP, cerebral perfusion pressure; N-ICP, normal intracranial pressure; H-ICP, high intracranial pressure.


[image: Figure 5]

FIGURE 5
 Box plots illustrating the distribution of PaCO2 values (minimum value, first quartile, median, third quartile, and maximum value) at the five time points in patients presenting with N-ICP (light gray boxes) and H-ICP (dark gray boxes). PaCO2, partial pressure of carbon dioxide in the arterial blood; N-ICP, normal intracranial pressure; H-ICP, high intracranial pressure.


The mean duration of invasive mechanical ventilation was 31 days (±19), with a minimum of 13 days and a maximum of 106 days. The mean time between tracheostomy and decannulation was 82 days (±54 days), with a minimum of 10 days and a maximum of 210 days. Only two patients (4%) were weaned and decannulated within 15 days. We did not observe any significant correlation between baseline patient characteristics, SAH severity, aneurysm treatment strategy, TIL, development of intracranial hypertension during PDT, duration of invasive MV, or duration of MV after tracheostomy.




Discussion


Intracranial pressure

In our single-center analysis, including a homogeneous population of consecutive patients with SAH admitted to the ICU after aneurysm coiling or clipping and undergoing early percutaneous dilatational tracheostomy, we observed an intraprocedural increase in intracranial pressure above 20 mm Hg in at least one of the five time points in 27 patients (54%). Twenty (40%) patients required treatment. During tracheostomy, forced hyperextended neck posture, as well as possible hypoventilation, hypercapnia, and hypertension might activate cerebral autoregulation mechanisms, resulting in swings in ICP and, eventually, CPP.

Moreover, since all patients with EVD, prior to PDT underwent continuous CSF drainage (49, 50), the temporary EVD clamp during PDT could be one of the triggers for increased ICP (57, 58).

Given these risks, periprocedural continuous monitoring of both ICP and CPP is mandatory to immediately detect abnormalities, provide corrective measures, and improve patient safety. The ICP swings appeared transitory, with the recovery of values below 20 mm Hg at the end of the procedure. The short-term duration of ICP increases, and the return to baseline is consistently described in the published literature.

Early bedside tracheostomy in an SAH is not without risks, and increased ICP during PDT was previously reported in different populations of neurocritically ill patients, including those with traumatic brain injury, ischemic stroke, brain tumors, subarachnoid hemorrhage, and intraparenchymal hemorrhage (13, 14, 33–38, 59).

Consistent with our observations, the phase of the procedure associated with the highest risk for intracranial hypertension was the insertion of the tracheal cannula (33, 36, 37).

Stocchetti et al. (36) reported a statistically significant increase in ICP above 20 mm Hg, albeit not clinically impacting, during the cannulation phase in five patients (25%) among a population of 20 patients with traumatic brain injury or cerebrovascular disease. Another group (32) reported a transient increase in ICP in 11 (17%) among a cohort of 65 neurocritically ill patients undergoing tracheostomy performed using the Percu-Twist technique (60).

Kocaeli et al. (33) compared early versus late tracheostomies performed according to the Griggs method (61) in 30 patients with TBI, ICH, SAH, or cerebral tumors. The 15 patients who underwent early tracheostomy (performed after a mean of 4.5 ± 0.6 days after ICU admission) observed an increase in ICP values up to 28.4 mm Hg (±13.7) during tracheal cannula insertion, with no significant difference between early and late tracheostomies. The ICP value is higher than the mean 19.1 mm Hg (±8.5 mmHg) we observed. In a consistent proportion of our patients (46 patients, 92% of the whole population), the presence of a ventricular catheter, allowing for eventual deliquoration, could have contributed to the maintenance of an ICP below 20 mm Hg. Liquor drainage was the strategy we and other groups (27) most frequently used to manage intraprocedural HICP. Additional sedation and osmotic therapy were used in seven (14%) and five patients (10%), respectively. The same approach has been described previously (13, 32, 59).

In recent years, Kuechler et al. (37) published a study that included data on 289 patients with TBI, SAH, ICH, or brain tumors. They observed a transient ICP increase above 20 mmHg in 98 patients (34%) during tracheostomy. In a heterogeneous population of neuro-intensive care patients, temporary increases in ICP, occurring at any time during the tracheostomy procedure and eventually requiring treatment, were detected in a variable percentage of patients (38–65%) (13, 59).

We confirmed, as described by Kleffmann et al., that the presence of higher ICP at baseline represents a risk factor for the development of HICP (59). Moreover, the correlation between the occurrence of HICP and higher TIL appears significant. It is likely that the need for higher-level therapies to maintain a normal ICP on the day of tracheostomy is an indirect sign of reduced cerebral compliance and, thus, an increased risk of HICP in the case of forced posture for surgery or hypercapnia from relative hypoventilation.

We did not observe any relationship between temporary ICP increases during tracheostomy and baseline factors, disease severity, or treatment by coiling or clipping. A direct comparison with other case studies is not feasible because a selected population of patients with SAH has not been investigated by other authors.

In our experience including patients with SAH, transient intraprocedural endocranial hypertension did not correlate with worst prognosis. Indeed, the clinical outcome of both H-ICP and N-ICP groups is consistent.

Our results refer to an extremely selected population and, therefore, cannot be generalized to all neurocritically ill patients.



Cerebral pressure perfusion and PaCO2

A decrease in CPP during the tracheostomy procedure has been reported (13, 59), but other authors did not notice a significant change in CPP (37). In our patients, vasopressors increased MAP consensually with the eventual increase in ICP during airway manipulation. This could have contributed to the maintenance of CPP consistently above 65 mmHg at all time points.

Increased PaCO2 is considered a major determinant of HICP by several authors (13, 37, 47, 48, 59).

The presence of a fiber-optic endoscope and the switch from the orotracheal tube to the tracheal cannula might decrease tidal volume, with possible hypercapnia, which, activating cerebral metabolic autoregulation, might induce cerebral vasodilation and, thus, transient intracranial hypertension. Kuechler et al. (37) reported a relationship between variations in PaCO2 and ICP, with hypercapnia appearing in one-third of the patients. Despite meticulous management of airways and MV during tracheostomy, we observed a statistically significantly higher PaCO2 during the cannulation phase among patients in the H-ICP group than in the N-ICP group.

Transient hypercapnia is likely the main cause of intracranial hypertension during the procedure because of the partially occluding effect of the bronchoscope (T3) and the passage from the tracheal tube to the cannula (T4). The decision to perform tracheostomy in patients with SAH requires careful evaluation of the potential associated advantages and risks of procedure-induced intracranial hypertension.



Timing of tracheostomy

The optimal timing of tracheostomy in the general population of critically ill patients is still controversial; many articles do not show any advantage in the use of early tracheostomy (14, 62, 63); other authors emphasized the potential advantage in decreased need for sedation, fewer days on mechanical ventilation and hospitalization, and, eventually, improved outcomes (54, 55).

Even with referral to neurocritical patients no definitive recommendations exists supporting the standardization of timing for tracheostomy.

The SETPOINT and SETPOINT II prospective studies, including patients with AIS, ICH, and SAH (16, 64) show no statistically significant benefits on mortality or neurological outcome. This is consistent with the ESICM Recommendations on ventilation in patients with acute brain injury (2).

Many authors, however, suggested that early tracheostomy might increase patients’ comfort, potentially facilitating weaning from sedation, improve neurological evaluation, decrease the duration of MV and the risk of ventilator-associated events (VAEs), and reduce the ICU length of stay (LoS) and the associated costs (6, 15–18, 64–66) in neurocritical patients.

In the few studies focusing only on SAH (5, 24, 58), no benefit on mortality was demonstrated with early tracheostomy, but patients who underwent early tracheostomy had fewer episodes of pneumonia, spent fewer days on mechanical ventilation, and were decannulated earlier (5). The fact that no patient was decannulated before 14 days could suggest the low incidence of unneeded tracheostomy. Colombo et al. (58) also reported a lower incidence of pneumonia, a shorter duration of MV and ICU LoS in patients with SAH.

Predicting outcome in poor-grade SAH is challenging, as defining the optimal timing of tracheostomy. Since an eventual transient increase in ICP does not worsen the outcome, and considering the reduction in infectious complications and days on ventilator, early tracheotomy could be a good option, from risk/benefit ratio perspective (24).

Daily evaluation of TIL, ICP values over the previous 24 h, and a pre-procedure DVE closure test can help in identifying the optimal timing for tracheostomy. The pathophysiology of SAH, characterized by an early brain insult and a possible secondary hit due to vasospasm, and inducing late cerebral ischemia, leads to the hypothesis of finding an appropriate window of opportunity to safely perform tracheotomy between the third and fifth day since the event.



Complications

According to a 2013 meta-analysis (26), including 24,307 patients, the rate of fatal complications was extremely low (0.17%). None of the patients died as a consequence of the procedure.

Immediate complications are described in 3–6% of procedures (25, 26, 42, 59, 67, 68).

We observed minor bleeding in 3 patients (6%); a variable ratio of 1.6 to 14% of minor bleeding has been reported (59, 68) major bleeding did not occur in our experience, and some authors reported a complication occurring in 0.5–1.5% of PDTs (32, 37, 42, 68).

Previous data reported the need to convert from PDT to surgical tracheostomy in 1–7.7% of procedures (25, 32), and no need to interrupt the procedure.

We observed two episodes of false passage and 2% of tracheal ring ruptures, previously reported as occurring in about 1% (42, 68) and 5–36% of procedures, respectively, with inconsistent definitions and unclear relationship with the development of late tracheal stenosis (68).

Signs of local inflammation were observed in a small proportion of patients (6%) without signs of cellulitis. Moreover, we did not observe major late complications (tracheal stenosis, granulomas, or fistulas requiring surgical treatment). The incidence of these complications in published experience has reached up to 4% (42, 68); specifically, an incidence of up to 1.6% of tracheal stenosis (42, 68), and up to 4% of severe infections with cellulitis have been previously reported (21, 42).

The low incidence of complications we reported is likely due to a well-defined strategy for PDT coupled with a standardized management protocol implemented by a limited pool of experienced physicians and nurses.



Limitations and strengths

To the best of our knowledge, this is the first study to investigate the trends in ICP and CPP values during PDT in a homogeneous cohort of patients with SAH. The monocentric design allowed for a high level of standardization of tracheostomy procedures, managed by a dedicated “tracheo-team” implementing a strictly defined protocol if intracranial hypertension was detected. The same team strictly monitored the patients post-procedure and implemented accurate follow-up to detect early and late complications, avoiding potential underestimation. The limited size, and the selected population, prevents generalizability of results, which could be considered as hypothesis generating.

We recorded ICP and CPP at five predefined crucial time points; this non-continuous monitoring could have overestimated or underestimated their real trend. Continuous data collection would have made it possible to accurately measure ICP dose, relevant factors affecting secondary brain injury, and patient outcomes (3, 69).

A comparison between early and late PDT was not possible as we considered early tracheostomy as the first choice in SAH at the time of designing the study.

External ventricular drainage was required in most of our patients due to the presence of intraventricular hemorrhage and the high risk of developing hydrocephalus; therefore, no comparison was feasible with patients presenting with intraparenchymal rather than ventricular catheters.

Detecting cerebral arterial vasospasm was beyond the study’s aims; moreover, procedures were mostly performed before the time considered at the highest risk of this complication.




Conclusion

We conducted a single-center, prospective, observational study including a homogeneous sample of consecutive adult patients with subarachnoid hemorrhage admitted to the ICU and undergoing aneurysm securing through coiling or clipping who required early tracheostomy and received ICP monitoring during the procedure. This study aimed to assess PDT-associated variations in intracranial pressure (ICP), cerebral perfusion pressure (CPP), and other main hemodynamic and respiratory variables, the occurrence of tracheostomy-related complications, and their relationship with outcomes in a selected cohort.

We observed a temporary increase in intracranial pressure, reduction in CPP, and increase in PaCO2 without reduction of PaO2 during early percutaneous dilatational tracheostomy. These brief episodes of intracranial hypertension appeared mainly due to the activation of cerebral autoregulatory mechanisms in patients with impaired compensatory mechanisms and compliance, without supporting evidence of impact on short and long-term outcome.

The low number of observed complications might be related to our organizational strategy, all based on a dedicated “tracheo-team” implementing both PDT following a strictly defined protocol and accurate follow-up.

Further prospective studies, including a larger number of patients with SAH and comparing different management strategies, are needed to better define tracheostomy timing and approach in this cohort.
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H, hunt and hess; TIL, therapy intensity level scale; PDT, percutaneous dilatational
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Normal ICP (n=30) High ICP (n=20) p value

ICU LOS (days) Median (IQR) 25(6) 245017 0744
Hospital LOS (days) Median (IQR) 38(31) 62(70) 0157
Ventilation (days) Median (IQR) 24(8) 23(23) 0.968
Decannulation (day) Median (IQR) 46 (68) 66 (65) 0.887

ICP, intracranial pressure; ICU, intensive care unit; LOS, length of stay; IQR, interquartile range.
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Normal ICP n:

Tracheostomy
Day of procedure Mean (SD) 43(£21) 44(+17) 44(£27)

Median (IQR) 10) 40) 10) e
Early tracheostomy (<7 days) (%) 47(94) 29(96) 18 (90) 0324
‘Tracheostomy duration (minutes) Mean (SD) 89 (£7.7)* 8(+6) 10 (£8) 0418
Pre-tracheostomy data
1CP (mm Hg) Mean (SD) 12(25) 10(25) 15(+3) 0442
FiO, Mean (SD) 045 (£0.7) 447 (£6.3) 465 (£8.8) 0425
PEEP (mm Hg) Mean (SD) 68 (£1.9) 67 (£1.9) 67 (£1.9) 0.442
BT (°C) Mean (SD) 37.4(£0.7) 374 374 0921
Na plasma concentrations (mmol/L)  Mean (SD) 148 149 147 0233

ICP,intracranial pressure; SD, standard deviation; IQR, interquartile ranges FiO,, fraction of inspired oxygen; PEER, positive end-expiratory pressure; BT, body temperature; Na*, sodium;
APT'T, activated partial thromboplastin time; INR, international normalized ratio; PLT, platelets.
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Timepoint Baseline T1 Positioning T: Incision T3 Cannulation T4 End T5 P ANOVA test
ICP (mm Hg) 126 (+5.6) 146 (£5.8) 17.1 (£7.1) 19.1 (+8.5) 114 (#5.5) <0.0001
MAP (mm Hg) 87.1(£165) 864 (+16.7) 90.2 (£14) 95.1 (£17.4) 864 (£125) 0020

CPP (mm Hg) 864 (£125) 70.8 (£13.8) 72(£14.6) 749 (£15) 75.1 (£109)

PaO; (mm Hg) 166 (£111) 351 (+121) 359 (+10) 366 (+115) 189 (£139) <0.0001
PaCO (mm Hg) 39 (5) 37(£5) 38 (25) 39 (x1) 35(25)

ICP, intracranial pressure; MAP, mean arterial pressure:CPP, cerebral perfusion pressure; PaO2, arterial partial pressure of oxygen; PaCO2, arterial partial pressure of carbon dioxide.
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