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Abstract

Background: A clinical hallmark of aneurysmal SAH (aSAH) is headache. Little is known about 

post-aSAH headache factors, which may point to underlying mechanisms. In this study, we aimed 

to characterize the severity and trajectory of headaches in relation to clinical features of patients 

with aSAH.

Methods: This is a retrospective longitudinal study of adult patients admitted to an academic 

tertiary care center between 2012–2019 with aSAH who could verbalize pain scores. Additional 

factors recorded included demographics, aneurysm characteristics, analgesia, daily morning serum 

sodium concentration, and occurrence of vasospasm. Group-based trajectory modeling was used to 

identify headache pain trajectories, and clinical factors were compared between trajectories.

Results: Of 91 patients included in the analysis, the mean age was 57 years and 20 (22%) 

were male. Headache score trajectories clustered into two groups: patients with mild-moderate and 

moderate-severe pain. Patients in the moderate-severe pain group were younger (P<0.05), received 

more opioid analgesia (P<0.001), and had lower sodium concentrations (P<0.001) than patients in 

the mild-moderate pain group.

Conclusion: We identified two distinct post-aSAH headache pain trajectory cohorts and an 

association with age, analgesia, and sodium levels was identified. Future prospective studies 
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considering sodium homeostasis and volume status under standardized analgesic regimens are 

warranted.
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Introduction

One of the main clinical features after aneurysmal rupture (aneurysmal SAH, aSAH) are 

relentless headaches (1). Severe headaches occur in up to 90% of patients admitted to the 

intensive care unit (ICU) with aSAH (2) and contribute significantly to subjective health 

impairment (3). The etiology of post-aSAH headache is incompletely understood but likely 

involves chemical irritation of the meninges by subarachnoid blood, oxidative damage 

from blood breakdown products, elevations of intracranial pressure (ICP), inflammation, 

hydrocephalus, cerebral edema, vasoreactivity and impairment thereof (4–7). Headaches 

may be exacerbated by complications occurring in the acute phase following an aSAH 

such as rebleeding, seizures, and delayed cerebral ischemia (3,8). Although clinical factors 

associated headache such as aneurysm development and rupture have received much 

attention, there is limited literature regarding specific factors associated with post-aSAH 

headache severity and trajectory over time (8,9).

Acute headaches following aSAH typically last approximately two weeks but can persist for 

months or even years in select patients (2,10). Prior work has shown mixed relationships 

between headache and demographics such as age, race, and sex in the acute period (2). 

For example, some studies have shown that younger patients may have greater long-term 

headache burden likely due to lack of brain atrophy and increased steepness of compliance 

curve (10), whereas others have found no relationship between headache and age (11). 

However, few studies have explored clinical factors that contribute to variability in pain 

scores in the immediate post-aSAH period. Herein, we examine a large database of patients 

with aSAH to evaluate the hypothesis that there exist distinct post-aSAH headache pain 

trajectories that relate to specific demographic as well as clinical factors.

Materials and Methods

Study design, setting, and patient selection

In this retrospective observational study, patients who were admitted to the University of 

Florida (UF) Health Shands Neurointensive Care Unit (NeuroICU) between January 2012 

and January 2019 with a diagnosis of aSAH were included when 1) age was ≥18 years, 2) 

SAH was of non-traumatic, aneurysmal etiology (repaired by clipping or coiling). Patients 

were excluded if they could not verbally report pain scores using the standard 11-point 

numeric rating scale (NRS) (range, no pain = 0 to worst pain imaginable = 10) for 4 or more 

days during the first 12 days of ICU admission (12). The NRS is a validated, guideline-based 

pain assessment tool for non-intubated patients. Ability to verbalize pain was selected to 

ensure response to interventions could be accurately assessed. We selected the time cutoff 
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because headache scores were sparse after this timepoint due to institutional practice of 

reduced frequency of neurological checks including pain assessments to either every 2 or 

every 4 hours. NRS pain scores were documented by the ICU nurse every hour according 

to standard of care in our unit. We categorized NRS scores as mild (0–3), moderate (4–7), 

and severe (8–10). All NeuroICU patients received guideline-recommended post-aSAH care 

(8,13) including nimodipine, blood pressure control, and short-term seizure prophylaxis 

(levetiracetam 500–1000mg orally or intravenously twice daily for 3 days). Per institutional 

practice, serum sodium goals were targeted for eunatremia (i.e., 135–145 mmol/l), with 

concomitant euvolemia as assessed by the care team based on features of clinical exam and 

fluid balance status, and utilization of hyperosmolar sodium infusion, oral salt tablets and/or 

fludrocortisone in order to attain these goals.

The study was approved by the local Institutional Review Board (IRB201900190), including 

a waiver of informed consent.

Data collection and management

Data extracted from electronic medical records included demographics, NRS headache pain 

scores, analgesic medications and dosage administered, and occurrence of vasospasm as 

measured by transcranial Doppler criteria (i.e., mean flow velocity ≥120 cm/sec and/or 

Lindegaard ratio ≥3) (12), clinical symptoms (9), or both. The daily maximal (max) 

and mean headache pain scores were charted and calculated, respectively. Frequency 

of vasospasm for each post-aSAH day was defined as the number of patients with 

recorded sonographic vasospasm divided by total number of patients examined on that 

post-aSAH day. All opioid drugs administered (e.g., methadone, fentanyl, oxycodone, 

hydrocodone, hydromorphone, codeine, tramadol) were converted to the equianalgesic 

oral morphine equivalent (OME) dosage in milligrams (mg) using an accepted conversion 

scale (14). Other analgesic medications recorded included acetaminophen and butalbital-

acetaminophen-caffeine tablets (butalbital 50 mg, acetaminophen 325 mg and caffeine 40 

mg). Additional clinical variables collected included morning sodium levels (mmol/L), 

presence of radiographic hydrocephalus reported on head CT studies, presence of a 

ventriculostomy, whether initial aneurysm treatment involved clipping or coiling, and 

radiologic and symptomatic measures of aneurysm severity at presentation including 

Hunt and Hess grade, modified Fisher score, aneurysm size, and whether intraventricular 

hemorrhage occurred during admission. Subjects with ventriculostomy had ICP values 

charted hourly. All data were stored in the institutional REDCap™ database (15,16).

Statistical analysis

A mixed-effects model with a random effects term for the effect of each subject was used 

to evaluate whether headache severity depended on post-aSAH day. Headache trajectories 

were developed using group-based trajectory modeling via maximum likelihood estimating 

using 3rd degree polynomials. In an exploration step, this algorithm appeared to converge 

on two groups based on information criteria, hence the selection of two as the number of 

fixed groups. Patients were assigned to groups based on the largest probability of group 

assignment. Once the trajectories were determined, linear regression analysis was conducted 

to assess the relationship between the output trajectories and post-aSAH day.
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Unpaired student t-test or Wilcoxon signed rank test was used for hypothesis generation 

to compare factors defined by continuous variables between the two trajectory groups 

for normal and non-normal data, respectively. Categorical data were compared using chi-

squared tests. Normality was determined using Shapiro Wilk test.

All statistical analyses were conducted using R 3.5.2 (r-project.org) software. Graphical 

data are presented as the mean ± 2 standard errors (SE) unless otherwise stated. Statistical 

significance was determined by P<0.05.

Data availability

Anonymized aggregate data will be shared with any qualified investigator upon request.

Results

Cohort characteristics

There were 344 patients with a diagnosis of non-traumatic SAH identified within 

the examined timeframe. A total of 253 patients were excluded, 42 patients with non-

aneurysmal SAH, 8 patients for whom relevant data could not be retrieved, and 203 patients 

were excluded due to inability to verbalize pain scale scores for ≥4 days. The demographics 

and clinical characteristics of the analyzed cohort comprising 91 patients are summarized 

in Table 1. The mean age was 57.0 ± 1.6 years, the proportion of male patients was 22.0% 

(N=20), and 70.3% (N=64) of patients self-identified racially as white. The mean NeuroICU 

length of stay was 15.1 ± 0.5 days, mean Fisher scale was 3 (rounded), and mean Hunt & 

Hess grade was 2 (rounded).

Aneurysm characteristics and management

The average aneurysm size was 5.3 ± 0.3 mm, and the anterior communicating artery 

comprised the largest proportion of aneurysm location (N=26) (Table 1). Hydrocephalus 

was seen in 73% (N=66) of patients, and 69% (N=63) required ventriculostomy. Three 

patients had ventriculostomy placed for neurological exam decline without documented 

hydrocephalus. Aneurysm management included coiling in 61 patients and clipping in 26 

patients; one patient underwent both clipping and coiling.

Headache scores

From ICU admission through post-aSAH day 12, the average daily max NRS headache pain 

score was 6.1 ± 0.3 (Figure 1a). Mixed model analyses showed that overall, headache scores 

slightly decreased over time (Estimate=−0.049, F=5.78, P<0.05) (Figure 1a).

Trajectory analyses revealed two post-aSAH headache courses across patients, indicative of 

a mild-moderate pain group (29% of the cohort) and a moderate-severe pain group (71% of 

the cohort). In the first group (Figure 1b), headache score trajectory averaged 2.5 ± 0.3 and 

significantly decreased during the 12 days of follow-up (linear regression, Estimate=−0.11, 

P<0.001). In the second group (Figure 1c), headache score trajectory averaged 7.6 ± 0.2, 

and scores remained stable during the 12 days of follow-up (linear regression, P=0.15). 

Severe headache scores comprised 9.7% of all scores in the mild-moderate group, and 
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mild headache scores comprised 5.3% of scores in the moderate-severe group. Analgesic 

medications administered and associated dosing information is provided in Table 1.

Relationship between headache and other clinical factors

Table 1 also provides a comparison of clinical factors between the two identified headache 

trajectory groups. Regarding demographics, the patients in the moderate-severe group were 

younger than those in the mild-moderate group (54.4 ± 1.8 vs 64.3 ± 3.1 years old, 

P<0.05, Figure 1d); no significant differences regarding sex (P=0.66) and race (P=0.58) 

were found. There were also no significant differences between the two groups in terms 

of history of headache or pain, aneurysm characteristics (including size, shape, location, 

severity, and management), presence of intraventricular hemorrhage and ventriculostomy 

placement, or vasospasm. Acetaminophen use was similar across groups. Opioid use was 

higher in the moderate-severe group with an average OME 24.4 ± 3.7 versus 15.2 ± 6.1 

mg/day (P<0.01) in the mild-moderate group (Figure 1e). Similarly, in the moderate-severe 

group, more acetaminophen-butalbital-caffeine was used than in the mild-moderate group 

(4.5 ± 0.2 vs 1.6 ± 0.3 tabs, P<0.001, Figure 1f). Average morning sodium was lower in 

the moderate-severe group compared to the mild-moderate group (137.5 ± 0.3 vs 139.3 

± 0.5, P<0.01, Figure 1g), while sodium augmentation treatment (use of either sodium 

tablets, hyperosmolar sodium infusions or fludrocortisone) was similar between both groups 

(P=0.52). For patients with EVD, both minimum (P=0.83) and maximum (P=0.80) ICPs 

were similar between the two groups.

Discussion

In this retrospective study of adult patients with aSAH admitted to the neuroICU whose 

neurologic status allowed for verbalization of pain scores, we identified two distinct 

headache severity trajectories: mild-moderate and moderate-severe. Significant differences 

between the two groups were discovered regarding analgesia use, age, and serum sodium 

levels.

The identification of a relationship between lower morning serum sodium levels and 

increased headache severity is novel. Dysnatremia in aSAH can be multifactorial: syndrome 

of inappropriate anti-diuretic hormone (SIADH), steroid deficiency, cerebral salt wasting 

(CSW), and central diabetes insipidus are possible etiologies (17). Hyponatremia is 

commonly observed in the course after SAH (18). aSAH has been linked to both CSW 

and SIADH for anterior communicating artery aneurysms (19). Furthermore, pain itself is 

a potent stimulus for ADH release, and may thereby contribute to a relative hyponatremia 

among those with more severe headache (20), with low sodium representing a signal for 

poorly controlled pain. However, ADH levels may also be affected by other factors including 

medications (e.g., tramadol), surgery, other symptoms (e.g., nausea), and infection (20,21).

While an association of lower sodium levels with headache has so far not been described in 

SAH, disturbed sodium homeostasis and the role of sodium in other headache disorders have 

been examined with mixed results. In migraine, elevated plasma vasopressin levels have 

been described (22), and odds of migraine decreased in some series with increasing sodium 

intake (23), while reduced sodium intake has been found to be associated with reduced 
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occurrence of headache in others (24). Etiologic factors contributing to post-aSAH headache 

have been largely elusive. Few studies have examined headache pain and related clinical 

factors, but so far have failed to identify a confirmed relationship between headache severity 

and the majority of demographic, aneurysmal, and other clinical factors. Sympathetic 

upregulation has also been postulated, but further studies for validation are needed (25).

We compared patient characteristics between the mild-moderate and moderate-severe 

trajectory and, like most studies, found no difference in several of the hypothesized factors 

including aneurysm characteristics, treatment strategy, and vasospasm. Few studies have 

found relationships between headache pain and variables such as vasospasm (5), history of 

headache (26), as well as factors that were not described here such as magnesium use (27) 

and anxiety (28). While some data indicate a possible relationship of clinical characteristics 

such as aneurysm location with sodium dyshomeostasis (19), prior data do not suggest that 

the clinical grade of SAH is associated with sodium dyshomeostasis (39). Given that in 

our multi-factor analysis, we found no significant difference between headache trajectory 

groups when comparing Fisher grade, Hunt Hess grade, occurrence of hydrocephalus 

and IVH, cumulative days with vasospasm, and utilization of sodium augmentation, it is 

unlikely that this difference in sodium levels is simply a surrogate for SAH severity or 

frequency of disturbance in sodium homeostasis, but rather indicates a potential difference 

in severity of disturbance in sodium homeostasis. Hence, our finding of lower sodium levels 

in the more severe headache group may provide a signal that could provide more insight 

into headache generation and trajectory after SAH. Furthermore, baseline sodium levels 

prior to aneurysmal rupture would aid in determining the threshold of change needed for 

headache correlation. Whether lower serum sodium constitutes an intervenable metric or 

a byproduct of headache pain or administered pain medications (i.e., opioids) remains to 

be determined, as does the mechanism underlying its association with headache trajectory. 

Of particular note is that there is a lack of data-driven guidelines for management of 

post-SAH headaches – this is likely also due to the incompletely understood variety of 

headache severity, trajectories and interindividual headache phenotypes. The only guideline 

mentioning post-SAH headaches suggest that pain is commonly so severe that opioids are 

often needed (40) for its treatment. As discussed above, the interrelation between disturbed 

sodium homeostasis and headache severity may also be affected by the amount of opioids 

administered. Future dedicated post-aSAH sodium studies are needed to investigate more 

closely factors such as fluid status, sodium-affecting medications, and sodium fluctuations 

as they relate to headache severity and outcomes. Additionally, the select group of patients 

with intraoperative rupture during treatment of elective aneurysms may provide important 

insights into understanding this mechanism.

We further found that patients in the moderate-severe group were approximately 10 years 

younger on average than the mild-moderate group. This finding aligns with prior work, 

where younger age has been associated with more severe and persistent headache after 

aSAH (1,10,26).

As expected, patients in the moderate-severe group required more narcotic-based analgesia 

(both opioids and butalbital-acetaminophen-caffeine) than patients in the mild-moderate 

group. This association is a likely product of headache intensity, but may also be related to 
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a prolonged relentless pain trajectory from a medication overuse phenomenon, commonly 

seen with around-the-clock analgesic use notably butalbital-caffeine-acetaminophen (29). 

Another potential confounding variable is the association of sleep deprivation with headache 

scores given the requirement of frequent neurologic checks in this population. Sleep 

deprivation and headaches have been well reported in the literature (31,33) although given 

the standard of frequent neurological checks in the neurocritically ill, this would not explain 

a difference within the cohort of patients with SAH. Our findings are further confirmatory 

of numerous prior reports that documented high analgesia requirements in patients with 

severe headache post-aSAH (1,2,5,13,30), and further showed that despite aggressive 

analgesia, headache pain did not substantially improve during follow-up. Unfortunately, 

despite attempts to introduce agents such as gabapentin and multimodal analgesia, this 

finding has not changed over the past years (32), motivating the need for improved or 

alternative medical management of patients who have suffered aSAH (27,34). Importantly, 

opioid use itself can affect ADH secretion (20, 21); thus, higher opioid requirements may be 

an important factor, as proxy for headache severity, contributing to sodium dyshomeostasis 

after aSAH.

In our study, headache severity decreased in those with mild-moderate post-aSAH headache, 

whereas those with moderate-severe post-aSAH headache sustained elevated pain scores. 

Prior studies have revealed mixed longitudinal trends in post-aSAH headache, likely heavily 

influenced by the sample inclusion criteria. For example, we strictly examined patients who 

could verbalize pain scores, while others included physiologic pain scores, the type of pain 

score, and frequency of scoring. Our study stands out by the high frequency of hourly 

score documentation with verbal confirmation of scores. Prior headache characterization has 

depended on whether mean, median, or maximum headache score is used as an endpoint 

(1,5,11,27). One study showed increasing group-level median values of the maximum 

headache pain within the first seven post-aSAH days (5); however, individual fluctuations 

in headache scores were not evaluated, and the average age of the cohort was younger 

(average, 52 years old) than ours (average, 57 years old). Other studies demonstrated 

that, during the first week, pain is moderate-severe without significant change over time 

following hemorrhage (1,2,27); however, distinct trajectory groups were not evaluated in 

these studies. One recent study by Jaffa et al. used a combination of verbal pain scores 

whenever possible and a physiology-based assessment tool in intubated patients to identify 

five distinct headache trajectories; surprisingly, most patients experienced overall much less 

headache pain within the first two weeks post-aSAH in this cohort (11). One of the five 

pain trajectories did show an increase in pain from minimal to mild-moderate pain by two 

weeks post-aSAH, while the other trajectories showed either unchanged or decreased pain 

over time. Contributive to this might be the inclusion of intubated patients, who oftentimes 

receive analgosedation; hence, physiologic, nonverbal pain scores, may indicate residual but 

not absolute pain. Additionally, as applicable to most mentioned studies, which are, like our 

study, single center studies, there are differences in proportions of sex, racial distribution and 

age. These are factors that have been documented to influence not only occurrence but also 

perception of pain (35–37). Especially with regard to race, American Blacks and Hispanics 

are disproportionally more highly affected by aSAH (38), but the majority of the scarce data 

available on headache after aSAH, including our own, are not able to shed sufficient light 
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on this aspect, due to the majority of subject data relating to patients of white race. This, in 

addition to differences in local pain regimen practices, might also explain differences in pain 

trajectories found between our and Jaffa et al. cohorts, where roughly half of their cohort 

was of racial/ethnic minority groups (11).

Limitations

The present study has several important limitations. The retrospective design carries inherent 

limitations, including the inability to control for unmeasurable confounders and factors 

which we could not retrieve such as other medications. The single-center nature of the study 

including the local composition of our cohort limits the generalizability of our findings, 

especially as our patient demographic differs from those of other parts of the country. 

Additionally, analgesic prescription patterns and standard of care practices for eunatremia 

may reflect the bias of our institution as well as management strategies for when patients 

become hyponatremic. Our sample size, though larger than that of many other studies, was 

limited in both size and included clinical grades, which may affect the trajectory outputs. 

It is possible that other trajectories may emerge with larger and differently composed (i.e., 

with regard to race, age distribution, sex) samples.

Conclusions

In conclusion, our study revealed a novel association of sodium levels with headache 

severity post-SAH by identification of two headache trajectories in the acute post-aSAH 

period. Whether this is causative or a reflection of headache severity cannot be fully 

elucidated with retrospective data. Future studies should further develop statistics-based 

characterization of headache trajectories in a prospective manner, and focus on expanding 

the described relationship between headache and sodium, as this may point to possible 

headache mechanism amenable to treatment. The importance of this novel finding should be 

validated across institutions with different patient demographics.
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Figure 1. 
HA = headache; PBD = post bleed day; OME = oral morphine equivalents. (a) Average 

maximum daily headache scores across participants with plus and minus two standard 

errors. Light gray lines indicate the raw data. (b-c) The two trajectory groups, mild-moderate 

and moderate-severe, and their corresponding average headache trajectory as well as raw 

subject-level data. (d-g) Comparison of age, OME, fioricet tabs, and sodium in patients 

assigned to the mild-moderate versus the moderate-severe headache groups.

Eisinger et al. Page 12

Brain Inj. Author manuscript; available in PMC 2023 March 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Eisinger et al. Page 13

Table 1.

Demographics and Clinical factors and association with headache trajectory groups

Total Cohort Mild-Moderate Cohort 
(N=26)

Moderate-Severe Cohort 
(N=65)

T, X2, or 
Wilcoxon Test

Age (years) 57.0 ± 1.6 63.4 ± 3.1 54.4 ± 1.8 P<0.05

Sex 71 F, 20 M 19 F, 7 M 52 F, 13 M P=0.66

Race 64 W, 18 AA, 9 Other 16 W, 6 AA, 4 Other 48 W, 12 AA, 5 Other P=0.58

Hx of Headache 6 Y, 82 N 3 Y, 21 N 3 Y, 61 N P=0.41

Hx of Pain 10 Y, 81 N 2 Y, 24 N 8 Y, 57 N P=0.79

Avg Max Headache Score 6.1 ± 0.3 2.5 ± 0.3 7.6 ± 0.2 P<0.001

Aneurysm Size 5.3 ± 0.3 5.2 ± 0.4 5.4 ± 0.4 P=0.91

Aneurysm Shape 79 sacc, 4 fus, 6 mix 21 sacc, 3 fus, 2 mix 58 sacc, 1 fus, 4 mix P=0.15

Aneurysm Location 26 Acom, 13 Basilar, 5 
ICA, 6 MCA, 23 Pcom, 
18 Other

10 Acom, 1 Basilar, 1 ICA, 1 
MCA, 6 Pcom, 7 Other

16 Acom, 12 Basilar, 4 ICA, 
5 MCA, 17 Pcom, 11 Other

P=0.31

Fisher 2.8 ± 0.1 2.9 ± 0.1 2.8 ± 0.1 P=0.92

Hunt & Hess 2.2 ± 0.1 2.4 ± 0.7 2.2 ± 0.1 P=0.38

Hydrocephalus 66 Y, 25 N 20 Y, 6 N 46 Y, 19 N P=0.74

Ventriculostomy 63 Y, 28 N 18 Y, 8 N 45 Y, 20 N P=1.0

Interventricular 
Hemorrhage

40 Y, 51 N 13 Y, 13 N 27 Y, 38 N P=0.62

Aneurysm Management 26 clip, 61 coil, 1 both 8 clip, 17 coil, 1 both 18 clip, 44 coil, 0 both P=0.44

Any Vasospasm 29 Y, 62 N 8 Y, 18 N 21 Y, 44 N P=1.0

Percent Days Vasospasm 6.6 ± 1.4 7.8 ± 3.3 6.1 ± 1.5 P=1.0

LOS 15.1 ± 0.5 16.3 ± 1.4 14.8 ± 0.5 P=0.66

Avg OME (mg) 21.7 ± 3.2 15.2 ± 6.1 24.4 ± 3.7 P<0.01

Avg Tylenol (mg) 1072.0 ± 93.0 998.0 ± 156.5 1101.6 ± 114.6 P=0.68

Avg butalbital-
acetaminophen-caffeine 
(tabs)

3.7 ± 0.23 1.6 ± 0.3 4.5 ± 0.2 P<0.001

Avg Ibuprofen (mg) 30.3 ± 17.6 26.9 ± 26.9 31.6 ± 22.3 P=0.69

Avg Celecoxib (mg) 6.7 ± 3.1 0.6 ± 0.6 9.1 ± 4.2 P=0.37

Avg Na+ 138.0 ± 0.3 139.3 ± 0.5 137.5 ± 0.3 P<0.01

Sodium augmentation 38 Y, 53 N 9 Y, 17 N 29 Y, 36 N P=0.52

Avg Min ICP 2.8 ± 0.4 3.6 ± 1.4 2.5 ± 0.3 P=0.83

Avg Max ICP 13.9 ± 0.8 15.3 ± 1.7 13.4 ± 0.9 P=0.80

Mean ± two standard errors are provided for continuous variables.

Hx = history, Avg = average, LOS = length of stay, OME = oral morphine equivalents, Min = minimum, Max = maximum, ICP = intracranial 
pressure, W = white, AA = African American, Y = yes, N = no, sacc = saccular, fus = fusiform, Acom = anterior communicating artery, ICA = 
internal carotid artery, MCA = middle cerebral artery, Pcom = posterior communicating artery.
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