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Onset of pain to surgery time in acute aortic dissections type A: a mandatory factor for evaluating surgical results?
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Objective: An acute aortic dissection type A (AADA) is a rare but life-threatening event. The mortality rate ranges between 18% to 28% and mortality is often within the first 24 h and up to 1%–2% per hour. Although the onset of pain to surgery time has not been a relevant factor in terms of research in the field of AADA, we hypothesize that a patient's preoperative conditions depend on the length of this time.



Methods: Between January 2000 and January 2018, 430 patients received surgical treatment for acute aortic dissection DeBakey type I at our tertiary referral hospital. In 11 patients, the exact time point of initial onset of pain was retrospectively not detectable. Accordingly, a total of 419 patients were included in the study. The cohort was categorized into two groups: Group A with an onset of pain to surgery time < 6 h (n = 211) and Group B > 6 h (n = 208), respectively.



Results: Median age was 63.5 years (y) ((IQR: 53.3–71.4 y); (67.5% male)). Preoperative conditions differed significantly between the cohorts. Differences were detected in terms of malperfusion (A: 39.3%; B: 23.6%; P: 0.001), neurological symptoms (A: 24.2%; B: 15.4%; P: 0.024), and the dissection of supra-aortic arteries (A: 25.1%; B: 16.8%; P: 0.037). In particular, cerebral malperfusion (A 15.2%: B: 8.2%; P: 0.026) and limb malperfusion (A: 18%, B: 10.1%; P: 0.020) were significantly increased in Group A. Furthermore, Group A showed a decreased median survival time (A: 1,359.0 d; B: 2,247.5 d; P: 0.001), extended ventilation time (A: 53.0 h; B: 44.0 h; P: 0.249) and higher 30-day mortality rate (A: 25.1%; B: 17.3%; P: 0.051).



Conclusions: Patients with a short onset of pain to surgery time in cases of AADA present themselves not only with more severe preoperative symptoms but are also the more compromised cohort. Despite early presentation and emergency aortic repair, these patients show increased chances of early mortality. The “onset of pain to surgery time” should become a mandatory factor when making comparable surgical evaluations in the field of AADA.
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Introduction

An acute aortic dissection type A is a rare but life-threatening event (1, 2). This severe disease can have various manifestations. Following an initial intimal tear, blood is able to penetrate from the aortic lumen into the media layer, resulting in a separation of the aortic wall layers and the subsequent formation of a true and a false lumen. This process may result in either organ malperfusion and impairment or even in an aortic rupture. Acute aortic dissections Stanford type A (AADA) are reported with high perioperative mortality ranging from 18% to 28% and mortality within the first 24 h and up to 1%–2% per hour (3–6). Harris et al. found that a delay in time from diagnosis to surgery may be associated with a history of previous cardiac surgery, presentation without abrupt or any pain, and initial presentation to a nontertiary care hospital (7). However, results from the United Kingdom suggest that both short-term and long-term outcomes are significantly related to surgeons' experience (8).

Multiple publications present surgical outcomes following aortic repair in AADA. Nevertheless, is it essential to integrate the onset of pain to surgery time to evaluate and compare patients' preoperative conditions and, furthermore, to avoid selection bias? Existing studies calculate the time between onset and operation in days (9). Our department calculates it in hours.

It is common sense that a delayed diagnosis of aortic dissection will result in an increased mortality rate (10).

In our retrospective study we evaluated patients who received open aortic repair due to AADA in our department. We distinguished this cohort into two groups: one group under and one group above our median onset of pain to surgery time of 6 h.

We hypothesize that onset of pain to surgery time is a highly underrated factor in comparative evaluations regarding survival after aortic repair. Furthermore, we assume that a patient's preoperative conditions depend on this duration of time. But how should it be interpreted? The earlier the better?



Methods


Study population and study design

Between January 2000 and January 2018, 430 patients received surgical treatment due to acute aortic dissection DeBakey type I at our tertiary referral hospital. In 11 patients, the exact time point of initial onset of pain was retrospectively not detectable. Accordingly, a total of 419 patients (67.5% male; 63.5 years (y) median age; interquartile range (IQR) 53.3–71.4 y) were included in our study. All 430 patients were comers. Iatrogenic dissection and AADAs that occurred inside our hospital were not included in this study to prevent further selection bias.

DeBakey type II and III and chronic dissections were not included in this study. Due to the median onset of pain to surgery time of 6 h (h), we categorized the cohort in two groups: Group A with an onset of pain to surgery time < 6 h (n = 211) and Group B > 6 h (n = 208), respectively. Data were collected at our aortic outpatient clinic where patients were frequently seen after surgery. Furthermore, patients were actively contacted by a study nurse team. Individual consent was obtained from all patients to allow for further follow-up data collection. Follow-up data collection was ended and completed in February 2022. Our retrospective study was approved by our institutional ethics committee. Patients' preoperative characteristics are presented in Tables 1, 2.


TABLE 1 Patients’ characteristics: IQR, interquartile range; BMI, body mass index; PVOD, peripheral vascular occlusion disease; COPD, chronic obstructive pulmonary disease.
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TABLE 2 Preoperative data: CT, computed tomography; LCA, left coronary artery; RCA, right coronary artery; IQR, interquartile range.
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Definitions

Patients with AADA may either present specific symptoms like floating back pain, abdominal pain, neurological disabilities, signs of malperfusion, or unspecific symptoms. CT angiography remains the gold standard for diagnosis of this potentially lethal disease. The existence of a dissection membrane starting in the ascending aorta or even an intramural hematoma inside the aortic wall represents the radiographic equivalent of an AADA. The onset of pain to surgery time was defined as the time from the documented painful event until skin cut in the operation theater.

Patients who presented themselves with severe neurologic symptoms like apraxia, hemiplegia, or dysarthria without a performed cerebral CT scan prior to surgery and postoperative evidence of stroke were assigned to the preoperative stroke cohort. A stroke had to be verified by CT or magnetic resonance imaging (MRI).

Occlusion or complete false lumen perfusion was defined as malperfusion according to Sievers et al. (11) (TEM Aortic Dissection Classification stage M2 and M3 ((−), (+)). The diagnosis of dissection of the coronary arteries was detected either using coronary angiography or had to be visible intraoperatively. AADAs accidently induced during open heart surgery were defined as iatrogenic dissection. Dissections postoperatively detected using CT or MRI were defined as persisting dissections.

For the diagnosis of hypertension, diabetes mellitus, or chronic obstructive pulmonary disease (COPD) a preoperatively performed medical treatment was necessary.



Perioperative management and surgical technique

Our department provides emergency medical service to a population of approximately 2 million citizens. Longest distance of the ground- and helicopter-based patient transfer is around 100 km. According to our standard operating procedure, transfer to the operation theater must be performed promptly after diagnosis of AADA. Furthermore, we established a rapid response team of aortic surgeons, able to provide aortic repair 24/7 in case of AADA. These standardized procedures result in a median time from onset of pain to surgery of approximately 6 h.

According to our standard operating procedure, transfer to the operation theater must be performed promptly after diagnosis of AADA. To avoid early cardiac decompensation, intubation was not performed until all anesthesiological and surgical preparations were completed. This was followed by intubation and the establishment of full sternotomy extra-corporal circulation (ECC). Our cannulation technique in cases of AADA was previously published by our group (12, 13). We prefer direct aortic cannulation. Following the identification of the true lumen using transesophageal echocardiography, direct cannulation was performed. The left side of the heart was vented via the right upper pulmonary vein. The application of cardioplegia was performed directly into the coronary ostia and repeated every 30 min. Blood cardioplegia was used for myocardial protection. In 2010 we established the beating heart technique for extended arch surgery (14).

The root first technique was performed while cooling the patient. Concomitant procedures (e.g., CABG) were performed during cooling if necessary. In all cases of AADA with extended arch surgery, hypothermic circulatory arrest (temperatures between 22°C and 26°C) and bilateral selective antegrade cerebral perfusion were performed. The use of SACP varied based on the surgeon's decision on whether proximal arch repair was to be done.



Extended arch repair

From 2000 to 2010, the FET technique was performed using a custom-made Chavan-Haverich prosthesis followed by a prefabricated Chavan-Haverich hybrid graft (15, 16) (Curative GmbH, Dresden, Germany). From 2005 to 2010, the Jotec E-vita hybrid graft was used (17). The attachment of the supra-aortic arteries was performed using the island (en bloc) technique until 2010. Following the island technique, we switched to the four-branched frozen elephant trunk prosthesis (FET Vascutek Terumo, Terumo®, Glasgow, UK) (18, 19). We changed our strategy in 2007 from a straight graft with island technique to the branched Sienna™ graft (Terumo®, Glasgow, UK), even for total or hemi-arch replacement. The extensive use of branched aortic arch prostheses resulted in major technical developments. As a consequence of these changes, arch replacement was performed after completing cardiac and proximal aortic repair. Head vessels were anastomosed to the corresponding side branches of the graft at the end of the procedure.



Proximal arch repair

Limited aortic repair in terms of a proximal arch replacement was performed using established straight Dacron grafts.



Statistical analysis

SPSS 27 Statistics software (IBM Corp. released 2020; IBM SPSS Statistics for Windows, Version 27.0; Armonk, NY: IBM Corp.) was used for data analysis. A normal distribution of variables was calculated using the Kolmogorov–Smirnov test. Categorical variables are stated as absolute numbers (n) and proportions. Normally distributed continuous variables are stated as mean ± standard deviation, while continuous variables without normal distribution are stated as median and interquartile range (IQR). Fisher's exact test was used to detect differences in categorical variables. Differences in continuous variables were tested using the Mann-Whitney U test. Kaplan–Meier analysis and log rank were used for the evaluation of survival, and the log rank test was used to test for differences. We did not correct for multiple testing.




Results


Preoperative patient characteristics

Patient demographics are found in Table 1. Median age did not differ significantly between the groups (A: 63.7 y; B: 63.0 y; P:0.656). The majority were male patients (A: 70.6%; B: 64.4%; P: 0.176). Hypertension was a dominant diagnosis in the patients’ history (A: 62.1%; B: 66.8%; P: 0.311). Overall, medical history, including diabetes mellitus (A: 7.1%; B: 6.7%; P: 0.879) and PVOD (A: 3.3%; B: 5.3%; P: 0.320) were comparable in both cohorts. Group B showed higher COPD (A: 7.1%; B: 11.5%; P:0.119), coronary heart disease (A: 7.6%; B: 12.5%; P: 0.094), and atrial fibrillation (A: 9.5%; B: 15.4%; P: 0.067). In contrast, pericardial tamponade (A: 43.1%; B: 34.1%; P: 0.059) and mechanical resuscitation (A: 10.9%; B: 7.2%; P: 0.189) occurred slightly but not significantly more often in patients with a painful event to surgery time <6 h.

Significant differences were detected in terms of malperfusion (A: 39.3%; B: 23.6%; P: 0.001), neurological symptoms (A: 24.2%; B: 15.4%; P: 0.024) and the dissection of supra-aortic arteries (A:25.1%; B: 16.8%; P: 0.037). In particular, cerebral malperfusion (A: 15.2%; B: 8.2%; P: 0.026) and limb malperfusion (A: 18%; B: 10.1%; P: 0.020) were significantly increased in Group A. In addition, the incidence of isolated dissection of the right coronary artery was higher in this cohort (A: 12.3%; B: 7.2%; P: 0.078).



Intraoperative data

Intraoperative data are shown in Table 3. Operation time (A:333.0 min; B: 323.0 min; P: 0.509), cardiopulmonary bypass time (A: 220.0; B: 213.0; P: 0.342), and aortic cross-clamp time (A: 124.0 min.; B: 323 min; P: 0.509) did not differ significantly between the two cohorts. Group A showed a higher demand for platelet concentrates (A: n = 3.0 (IQR: 2.0–4.0); B: n = 2.0 (IQR: 2.0–4.0); P: 0.011). The number of operations extended in terms of limited vs. total arch repair was comparable in both groups. Neither limited nor extended aortic arch repair showed significant differences. In keeping with an elevated dissection rate of RCA, CABG was more often performed in Group A (A:19.9%; B: 14.9%; P: 0.177).


TABLE 3 Intraoperative data: SD, standard deviation; IQR, interquartile range; min, minute; HCA, hypothermic circulatory arrest time; CABG, coronary artery bypass graft; SACP, selective antegrade cerebral perfusion time.

[image: Table 3]



Postoperative data

Patients with a shorter “onset of pain to surgery time” presented a significantly decreased median survival time (A:1,359.0 d; B: 2,247.5 d; P: 0.001), extended ventilation time (A: 53.0 h; B: 44.0 h; P: 0.249), and a higher 30-day mortality rate (A: 25.1%; B: 17.3%; P: 0.051). Furthermore, postoperative persisting visceral malperfusion (A: 4.7%; B: 0%; P: 0.002) and renal malperfusion (A: 8.1%; B: 1.4%; P: 0.001) occurred mostly in Group A (Table 4).


TABLE 4 Postoperative data: SD, standard deviation; IQR, interquartile range; min, minute; CCT, cranial computed tomography.
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Long-term follow-up data

The completeness of follow-up was 98,8% and the mean follow-up time for the entire group is 5.7 ± 5.4 years (2,079.7 ± 1,958.6 days). Follow-up data can be found in Table 5. The ratio of re-operations and re-interventions was comparable. A comparison of long-term survival using Kaplan-Meier curves is given in Figure 1. Significant differences were found between the groups. In contrast to a mean survival of 9.8 years (onset of pain > 6 h) (IQR: 8.6–10.9), survival time was decreased in patients with a short onset of pain to surgery time (<6 h) at 8.3 years (IQR: 7.1–9.5y), (log rank, P: 0.141). The survival rate at one year after aortic repair was A: 63% and B: 76%; at two years A: 62% and B: 71%; and A: 58% and B: 69% four years after surgery.


[image: Figure 1]
FIGURE 1
Survival: Kaplan-Meier curves showing survival of both groups (onset of pain <6 h; onset of pain >6 h). The x-axis denotes the time after operation.



TABLE 5 Follow-up data: TAA, thoraco-abdominal aneurysm; TEVAR, thoracic endovascular aortic repair; EVAR, endovascular aneurysm repair.
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Discussion

AADA is a catastrophic event characterized by a high mortality and a high urgency indication for surgical repair. Despite an extremely high early mortality rate of up to 35% in the first 24 h (20, 21), the duration from onset of pain to surgery has been a neglected topic in current AADA research. The comparability of early and long-term results requires reliable and almost identical preoperative conditions. Apart from the potentially high chance of selection bias due to the long time until aortic repair, we hypothesized that even a patient's preoperative status will differ significantly depending on the onset of pain to surgery time.

Nevertheless, an analysis from the International Registry of Acute Aortic Dissection (IRAD) indicates that the median time from emergency department presentation to a definitive diagnosis of acute aortic dissection is 4.3 h, with an additional 4 h between diagnosis and surgical intervention (22, 23). In comparison to IRAD data, in our department, patients with AADA received surgical treatment 6.0 h (median) following the initial painful event.

The time from “onset of pain” to surgery in acute aortic type A dissections depends on a variety of factors. Our department is well-established within the highly advanced German health care infrastructure. Clinical outcomes however depend on the diagnostic capacity of the referring center as well as on the speed of transportation and/or distance of travel. According to our data, patients' conditions from both cohorts varied substantially on admission to our hospital. Building on our thesis that strong clinical signs lead to a more rapid AADA diagnosis, Group A (<6 h) presented a higher incidence of independent risk factors for mortality, including pericardial tamponade (A: 43.1%; B: 34.1%; P: 0.059) and malperfusion (A: 39.3%; B: 23.6%; P: 0.001) (24). In particular, the increased incidence of cerebral malperfusion (A: 15.2%; B: 8.2%; P: 0.026) and limb malperfusion (A: 18.0%; B: 10.1%; P: 0.020) is consistent with more severe clinical symptoms. Furthermore, the high number of severe neurological symptoms (A: 24.2%; B: 15.4%; P: 0.024), which correlates with an increased incidence of the dissection of supra-aortic arteries (A: 25.1%; B: 16.8%; P: 0.037), is compatible with the thesis of early admission due to more severe symptoms.

There was no significant adjustment to the operative procedure observed in patients with aortic dissection <6 h. Even total operation time, cardiopulmonary bypass time, as well as aortic cross-clamp time, which are recognized as independent risk factors for mortality (25), were almost equally distributed in both groups.

Despite an equivalent surgical treatment, median survival time was significantly reduced (A: 1,359.0 d; B: 2,247.5 d; P: 0.001) and 30-day mortality (A: 25.1%; B: 17.3%; P: 0.051) increased in the cohort with the short onset of pain to surgery time (<6 h). This may be associated with the patient's assessed critically fatal conditions prior to surgery, with the consequence of a significantly reduced outcome despite comparable treatments.

These results correlate with a high rate of persisting visceral malperfusion (A: 4.7%; B: 0%; P: 0.002) and persisting renal malperfusion (A: 8.1%; B: 1.4%; P: 0.001) after surgery. According to the IRAD, malperfusion is the second most important cause of death after aortic dissection (20, 26, 27). There are two possible explanations for this remaining malperfusion. First, progress of the aortic dissection membrane of the downstream aorta between the initial CT scan and start of surgery, and second, the progress of the aortic dissection intraoperatively induced. Crawford et al. (27) previously described their observation that open aortic repair does not guarantee the restoration of distal perfusion as such, and end-organ malperfusion persists in up to 25% of patients, contributing to dismal operative outcomes (26). Nevertheless, only a minor number of malperfusions persist in patients with a longer time from pain onset to surgery. These results may imply an increased vulnerability of the aortic tissue during the early phase of AADA. To date, the existing literature needs to ask the relevant question of why patients with AADA show an elevated mortality rate during the first hours of disease occurrence, and whether an adjustment to their surgical therapy depending on the time factor is required. Until now, it was common sense that the early repair of aortic dissection would lead to a correction of malperfusion in most cases, while Goldberg et al. (28) suggested a better outcome when treating malperfusion first followed by a delayed repair of aortic dissection. The “malperfusion first” strategy is based on the fact that surgical repair can take a long time and persisting malperfusion may increase the chance of end-organ failure and aortic rupture (28). Finally, the question of whether an adjusted treatment is able to improve a patient's outcome or whether a patient's preoperative conditions are so limited that survival is independent of surgery remains unanswered.

Despite our results, the “early surgical treatment strategy” should remain the recommended algorithm in all cases to correct and prevent malperfusion or aortic rupture (29). However, whether this strategy includes the treatment of the more severely compromised patients should be clarified.

Nevertheless, our results also show that survival after an AADA depends on the health system infrastructure. Long transfer times due to geographic issues and prompt access to diagnostics and surgeon's skills are relevant factors for a patient's survival. It can be assumed that even in advanced healthcare systems, up to 20% of patients with AADA die before reaching a specialist center with surgical expertise for aortic surgery. Moreover, a diagnostic delay occurs in almost 40% of cases (30, 31).

According to our data, it cannot be denied that evidenced-based research in the field of AADA must consider the “onset of pain to surgery time” to avoid selection bias and to represent comparable results. Although this could be controversial, purely surgical results in terms of postoperative survival correlate positively with the onset of pain to surgery time: the longer the better.



Limitations

This is a retrospective study, and thus carries potential risks and biases linked to studies of this nature. Furthermore, decisions about the surgical procedure were individually made by the surgeon. Between the years 2000–2018, a total of 21 surgeons at our center performed surgical aortic repair in cases of AADA. Surgical skill levels may vary in this cohort. There were relevant changes regarding the total arch approach during the observed period of time. The use of different of prosthesis and surgical techniques may influence the study result. Our results confirm an increasing mortality rate in patients with a short onset of pain to surgery time. Nevertheless, strategies for the adjustment of a corresponding therapy were not evaluated. The number of patients who died before reaching the hospital is not documented. Knowledge of the exact number of patients who died preoperatively could influence the impact of the study.



Conclusion

Time is aorta. The prevention of high mortality due to AADA includes the development of a healthcare infrastructure for early diagnosis, referral, rapid hospital transfer, and well-trained aortic surgeons. In cases of AADA (where the onset of pain to surgery time is <6 h), patients present themselves not only with more severe preoperative symptoms but also are more compromised. Despite early presentation and emergency aortic repair, these patients show an increased chance of early mortality. The “onset of pain to surgery time” should become a required factor for making the surgical evaluation more comparable.
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