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Postoperative systemic inflammatory response syndrome predicts increased mortality in patients after elective craniotomy












	
	TYPE Original Research

PUBLISHED 04 January 2024
DOI 10.3389/fsurg.2023.1331073






[image: image2]

Postoperative systemic inflammatory response syndrome predicts increased mortality in patients after elective craniotomy

Liyuan Peng1†, Qi Gan2†, Yangchun Xiao3, Jialing He2, Xin Cheng2, Peng Wang2, Lvlin Chen1, Tiangui Li2, Yan He1, Weelic Chong4, Yang Hai5, Chao You2, Fang Fang2 and Yu Zhang6*

1Department of Critical Care Medicine, Affiliated Hospital of Chengdu University, Chengdu, Sichuan, China

2Department of Neurosurgery, West China Hospital, Sichuan University, Chengdu, Sichuan, China

3Department of Neurosurgery, Affiliated Hospital of Chengdu University, Chengdu, Sichuan, China

4Department of Medical Oncology, Thomas Jefferson University, Philadelphia, PA, United States

5Department of Radiology, Thomas Jefferson University, Philadelphia, PA, United States

6Center for Evidence Based Medical, Affiliated Hospital of Chengdu University, Chengdu, Sichuan, China

EDITED BY
Denis E. Bragin, Lovelace Biomedical Research Institute, United States

REVIEWED BY
Samuel M. Alaish, Johns Hopkins University, United States
Paul Jeziorczak, University of Illinois at Peoria, United States

*CORRESPONDENCE Yu Zhang zhangyu1057@cdu.edu.cn

†These authors have contributed equally to this work

Abbreviations
SIRS, systemic inflammatory response syndrome; WBC, white blood cell; ASA, American Society of Anesthesiologists; CRP, C-reactive protein; PCT, procalcitonin; RDW-CV, coefficient of variation of red blood cell distribution width; NLR, neutrophil–lymphocyte ratio.

RECEIVED 01 November 2023
ACCEPTED 05 December 2023
PUBLISHED 04 January 2024

CITATION Peng L, Gan Q, Xiao Y, He J, Cheng X, Wang P, Chen L, Li T, He Y, Chong W, Hai Y, You C, Fang F and Zhang Y (2024) Postoperative systemic inflammatory response syndrome predicts increased mortality in patients after elective craniotomy.
Front. Surg. 10:1331073.
doi: 10.3389/fsurg.2023.1331073

COPYRIGHT © 2024 Peng, Gan, Xiao, He, Cheng, Wang, Chen, Li, He, Chong, Hai, You, Fang and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Introduction: Patients undergoing craniotomy are at high risk of perioperative morbidity and mortality due to excessive inflammatory responses. The purpose of the present study is to evaluate the prognostic utility of postoperative systemic inflammatory response syndrome (SIRS) in patients undergoing craniotomy.



Methods: We performed a retrospective cohort study of patients who underwent craniotomy between January 2011 and March 2021. SIRS was diagnosed based on two or more criteria (hypo-/hyperthermia, tachypnea, leukopenia/leukocytosis, tachycardia). We used univariate and multivariate analysis for the development of SIRS with postoperative 30-day mortality.



Results: Of 12,887 patients who underwent craniotomy, more than half of the patients (n = 6,725; 52.2%) developed SIRS within the first 7 days after surgery, and 157 (1.22%) patients died within 30 days after surgery. In multivariable analyses, SIRS (OR, 1.57; 95% CI, 1.12–2.21) was associated with 30-day mortality. Early SIRS was not predictive of 30-day mortality, whereas delayed SIRS was predictive of 30-day mortality. Abnormal white blood cell (WBC) counts contributed the most to the SIRS score, followed by abnormal body temperature, respiratory rate, and heart rate.



Conclusion: Postoperative SIRS commonly occurs after craniotomy and is an independent predictor of postoperative 30-day mortality. This association was seen only in delayed SIRS but not early SIRS. Moreover, increased WBC counts contributed the most to the SIRS score.
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Introduction

Craniotomy is a high-cost surgical procedure that is the standard of care in the treatment of brain tumor, epilepsy, aneurysm, hemorrhagic stroke, and traumatic brain injury. Patients undergoing craniotomy are at a high risk of perioperative morbidity and mortality (1). Indeed, the inflammatory response evoked is a crucial component of surgery. Because this response is necessary to restore normal physiology, an excessive response can cause secondary brain damage and systemic inflammatory response syndrome (SIRS) (1).

SIRS can generate neuroinflammation in the brain and cause tissue damage in the body, which can precipitate further inflammation and damage in systemic tissues (2–4). SIRS is believed to be a systemic reaction to a stimulus (e.g., trauma and surgery). SIRS has been recognized as a risk factor for poor outcomes in neurologic illnesses (i.e., stroke and traumatic brain injuries) (5–8). Previous studies have suggested that SIRS is common and has a negative impact on patient outcomes after various types of surgeries (9–15). However, the prognostic significance of SIRS in patients undergoing craniotomy remains unclear. The purpose of the present study is to evaluate the prognostic utility of postoperative SIRS in patients undergoing elective craniotomy.



Methods


Study design and patient selection

We retrospectively examined adult patients who underwent elective craniotomy. Data were collected from consecutive electronic health records of West China Hospital, Sichuan University between January 2011 and March 2021. Our study was conducted in accordance with the principles announced in the Declaration of Helsinki. The study was approved by the ethics committee of West China Hospital with a waiver of informed consent (approval number: 2022-705; approval date, April 29, 2022; study title, Studies on the risk and prognosis of neurosurgery).



Patient selection

We included adults (≥18 years old) undergoing elective craniotomy. We excluded (1) patients undergoing repeat resection or burr hole surgery; (2) patients who underwent emergency or urgent craniotomy; (3) patients with infections during the entire hospital stay; and (4) patients whose identity card number was not available or whose death record was not found in The Chinese Hukou System (referred to as Household Registration Administration System (16). Chinese law stipulates that if a citizen dies, the dependent, head of household, relative, or community should report the death registration and cancel the residence registration of the person within 30 days. Hence, the system has the most accurate message about death.



SIRS

The main exposure was postoperative SIRS in the 7 days after surgery. SIRS was determined by abnormalities in white blood cell (WBC) counts, heart rate, respiratory rate, and body temperature and was defined according to international convention when two or more of the following criteria were present (17):


	1.Body temperature > 38°C or body temperature < 36°C

	2.Heart rate > 90 bpm

	3.Respiratory rate >20 bpm or PaCO2 < 32 mmHg

	4.WBC count >12,000 cells/mm3 or <4,000 cells/mm3 or the presence of >10% immature neutrophils (bands)



Location- and time-stamped vital signs (respiratory rate, heart rate, and body temperature) were collected from consecutive electronic health records. The PaCO2 and immature band criteria were unavailable and were therefore not used in the study. In the case of controlled mechanically ventilated patients, one was assigned as the criterion of respiratory rate. To investigate the SIRS score, we selected the worst vital signs and leukocyte value daily.

Within 7 days after surgery, patients with two or more SIRS criteria were considered “SIRS” positive, whereas those who presented within the first 3 days were considered “early SIRS” and those from days 4 and 7 were considered “delayed SIRS.”



Other variables

Preoperative data obtained included demographics (including age, gender, alcohol use, and tobacco use), relevant comorbidities (hypertension, diabetes, coronary artery disease, chronic liver disease, current dialysis), intraoperative variables (surgery time, intraoperative blood loss), primary diagnosis, perioperative steroid use, American Society of Anesthesiologists (ASA) class, and other variables (Table 1). If a patient underwent more than one surgery during the hospitalization, only the procedural characteristics of the first surgery were included in the analysis.


TABLE 1 Baseline characteristics of the patients by postoperative SIRS.
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Inflammatory biomarkers, such as high-sensitive C-reactive protein (CRP), absolute neutrophil count, coefficient of variation of red blood cell distribution width (RDW-CV), and neutrophil–lymphocyte ratio (NLR), were also collected after craniotomy.



Outcomes

The primary outcome measure was the 30-day postoperative mortality. The date of death was determined from the Chinese Hukou System (16).



Statistical analysis

Statistical analyses were performed using R software version 4.2.2. A two-sided p value less than 0.05 was considered statistically significant. Variables are expressed as mean ± SD or number of patients (percentage). The continuous variables were compared using the Student’s t-test or the Mann–Whitney U-test. The proportions between groups were compared using the chi-square test.

We used univariate and multiple logistic regression analysis to examine independent risk factors for the development of SIRS positivity, early SIRS, and delayed SIRS with 30-day mortality. Factors influencing outcome with P < 0.10 in univariate analysis were implemented into the multivariable analysis. We replaced the missing values with the median for continuous values and others for categorical variables.

Subgroup analyses included age, sex, alcohol use, smoking, diabetes mellitus, hypertension, coronary artery disease, chronic liver disease, steroid use, and ASA class. Bonferroni p values < 0.01 were considered statistically significant for the subgroup analyses.




Results

After 20,468 patients were excluded from the analysis (8,536 patients underwent emergency surgery, 3,019 patients were not adult patients, 3,360 patients missing SIRS-related value, 2,989 patients were missing the death record, and 2,564 patients had infections during the entire hospital stay), 12,887 patients who underwent craniotomy were included in the final analysis (Figure 1).
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FIGURE 1
Flowchart.


Of the 12,887 patients who underwent craniotomy, more than half of the patients (n = 6,725; 52.2%) developed SIRS within the first 7 days after surgery, and 157 (1.22%) patients died within 30 days after surgery. Baseline characteristics, medical history, intraoperative variables, and preoperative biologics are detailed in Table 1. Postoperative SIRS-positive patients within 7 days were more likely to be younger, male, and have a history of alcohol abuse, hypertension, diabetes, current dialysis, primary diagnosis, high ASA class, perioperative steroid use, long surgery time, intraoperative blood loss, preoperative high CRP, and high neutrophil.


SIRS criteria over 7 days after craniotomy

The mean daily SIRS score increased over the first days and decreased thereafter (Figure 2). Abnormal WBC count contributed the most to the SIRS score followed by abnormalities in body temperature, respiratory rate, and heart rate. WBC count was abnormal in more than 50% of patient days. Although leukocytosis (>12,000 cells/mm3) more frequently occurred in the early phase, leukopenia (<4,000 cells/mm3) was more common in the delayed phase.
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FIGURE 2
Systemic inflammatory response syndrome (SIRS) score over the first 7 days after craniotomy. The mean (sd of the mean) daily SIRS score increased over the first 3 days and decreased thereafter. Positive individual SIRS criteria (heart rate > 90 beats per minute, temperature > 38°C or <36°C, white blood cell (WBC) > 12,000/mm3 or <4,000/mm3, and respiratory rate > 20 breaths per minute) are presented as percentages in the 7 days after surgery.




SIRS positivity, early SIRS, and delayed SIRS

Over half of the patients (n = 6,725; 52.2%) developed SIRS within the first week after craniotomy. Early SIRS was diagnosed in 34.4% (4,181/12,887), delayed SIRS was diagnosed in 39.0% (5,026/12,887), and 47.8% of patients experienced early SIRS without delayed SIRS. While 2,544 patients (19.7%) developed SIRS from days 4 to 7 without having SIRS before day 3, 2,482 patients (19.3%) had continuous SIRS and 1,699 patients (13.2%) redeveloped SIRS.



SIRS and 30-day mortality

The total 30-day mortality rate for our study population was 1.22% (n = 157). SIRS-positive patients had a mortality rate of 1.55% (n = 104) compared to 0.86% (n = 53) in SIRS-negative patients. Multivariate analysis showed that SIRS positivity was associated with higher 30-day mortality (OR, 1.57; 95% CI, 1.12–2.21; p = 0.009) (Supplementary Table S1). Importantly, delayed SIRS (adjusted OR, 1.53; 95% CI, 1.11–2.11; p = 0.01) was still associated with 30-day mortality, whereas early SIRS (adjusted OR, 1.27; 95% CI, 0.92–1.76; p = 0.15) was not associated with 30-day mortality (Table 2).


TABLE 2 Association of systemic inflammatory response syndrome (SIRS) with 30-day mortality in three separate models.
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Inflammatory biomarkers after craniotomy

The increase in inflammatory biomarkers after craniotomy is summarized in Figure 3. The CRP level of proinflammatory cytokines was increased in the first 3 days after craniotomy and subsequently decreased. SIRS-positive patients had higher CRP levels than those in SIRS-negative patients. Absolute neutrophil count, RDW-CV, and NLR subsequently decreased during the first week after surgery, and SIRS-positive patients also had a higher levels than those in SIRS-negative patients.


[image: Figure 3]
FIGURE 3
Inflammatory biomarker level after craniotomy. Mean C-reactive protein (CRP) (A), absolute neutrophil count (B), coefficient of variation of red blood cell distribution width (RDW- CV) (C), and neutrophil-lymphocyte ratio (NLR) (D) levels in patients after craniotomy according to the occurrence of systemic inflammatory response syndrome (SIRS).


In a model that included the worst SIRS score in the first 7 days after surgery from 0 to 4 and when we combined the 3–4 score (because of the small number of SIRS criteria 4), a 29% linear increase in 30-day mortality was associated with each additional SIRS criterion (odds ratio for each additional criterion, 1.29; 95% CI, 1.10–1.51; p = 0.002) (Figure 4).
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FIGURE 4
A 30-day mortality among patients after craniotomy, according to the number of SIRS criteria Met. SIRS criteria 3–4 were combined. SIRS, systemic inflammatory response syndrome.


We further assessed interactions by variables on SIRS (Figure 5). There was no significant effect modification of the association between SIRS and mortality based on age, sex, alcohol abuse, current smoking, medical history of hypertension, diabetes, coronary artery disease, chronic liver disease, current dialysis, ASA class, perioperative steroid use, and primary diagnosis.
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FIGURE 5
Subgroup analysis of adjusted association between SIRS positivity and 30-day mortality.





Discussion

In this large cohort of 12,887 patients who underwent craniotomy without infection, postoperative SIRS was associated with increased 30-day postoperative mortality. This association was seen only in delayed SIRS, but not early SIRS. Moreover, abnormal WBC count contributed most to the SIRS score, followed by abnormalities in body temperature, respiratory rate, and heart rate.

To the best of our knowledge, this is the first study of postoperative SIRS in patients who underwent craniotomy. Previous studies (18–24) have evaluated postoperative SIRS in patients after various types of surgeries and showed that postoperative SIRS was associated with poor outcomes. Moreover, our research sample was larger and focused on noninfectious SIRS, which resulted in a higher predictive value for the perioperative outcome.

In our study, postoperative 30-day mortality was associated with delayed SIRS, but not early SIRS. This finding was consistent with Rass's research (5) and suggested a potential contribution of surgical stress, specifically the neurogenic mechanism, to the development of early SIRS, whereas systemic inflammation may largely trigger the evolution of delayed SIRS. Sympathetic stress responses mediated by the release of catecholamines and cortisol are common after craniotomy, leading to increased heart rate, blood pressure, and upregulation of proinflammatory cytokines and may persist for several days potentially contributing to early and delayed SIRS. Delayed SIRS may also be caused by infections that have not been isolated or documented. From a clinical standpoint, continuous monitoring of delayed SIRS plays a significant role in providing crucial clinical guidance. Once delayed SIRS is identified, it is crucial to actively monitor the stress response of patients and investigate potential infections, intensifying surveillance, as this has the potential to improve the prognosis of patients.

When analyzing the predictive value of each SIRS criterion, we found that every criterion was independently associated with postoperative 30-day mortality. Abnormal WBC had the highest proportional contribution to the SIRS score. Leukocytosis after surgery is a complex phenomenon with multiple underlying mechanisms, including immune activation due to tissue damage or infection, stress-induced hormonal responses, and changes in leukocyte mobilization from the bone marrow to the circulation. Further studies are required to fully understand the pathways underlying postoperative leukocytosis and develop effective treatments to reduce SIRS-related complications (3).

The mechanism of postoperative SIRS after craniotomy is unclear, and some theories may contribute to this. First, surgery itself can cause significant tissue damage, resulting in the release of damage-associated molecular patterns and pathogen-associated molecular patterns. These molecules can activate the innate immune system, leading to the production of proinflammatory cytokines and chemokines. Second, the stress response can activate the hypothalamic–pituitary–adrenal axis, leading to the release of cortisol and other stress hormones that can modulate the immune response. Third, recent studies suggest that the gut–brain axis plays a crucial role in the development of postoperative SIRS after craniotomy. Disruption of the gut microbiome due to antibiotic prophylaxis and anesthesia may contribute to SIRS development. The gut microbiota interacts with the immune system, modulating its function and contributing to the development of inflammation.

This study had a number of strengths and was based on one of the largest datasets, with a cohort of 12,887 adult patients undergoing craniotomy in a tertiary hospital, covering a wide geographical area. Moreover, we used a high-quality database to obtain death and obtained the continuous variables after surgery.

There are several limitations to our study. First, this was a single-center study in China. Therefore, the results may not be generalizable to other settings. Second, there is no gold standard for determining infections, and we obtained data according to discharge diagnosis. Thus, we might have included patients who were infected and excluded others who were not. Third, we only studied four inflammatory biomarkers because others were not available. Fourth, in patients undergoing craniotomy, multiple potential causes of SIRS may coexist, making it difficult or even impossible to pinpoint the precise cause.



Conclusions

Postoperative SIRS commonly occurs after craniotomy and is associated with 30-day postoperative mortality. This association was observed only in patients with delayed SIRS but not early SIRS. Moreover, abnormal WBC counts contributed the most to the SIRS score.
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P for interaction
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Age, year, mean (SD) 4951 (1359) 4807 (1382) | <0.001"
Female, n (%) 3,625 (58.8) 3,659 (544) | <0.001°
Smoking, (%) 684 (11.1) 782 (11.6) 0360
Alcohol, n (%) 892 (14.5) 1,074 (16.0) 0.020
Medical history, n (%)
Hypertension 932 (15.1) 1,112 (165) 0.030°
Diabetes 438 (7.1) 380 (5.7) 0.001%
Chronic liver disease 285 (4.6) 265 (3.9) 0.061
Coronary artery disease 57 (09) 52 (08) 0.399
Current dialysis 82 (1.3) 59 (0.9)

Primary diagnosis, n (%)
Benign tumor 2979 (483) 3,398 (505) | <0001
Malignant tumor 1,125 (18.3) 1,583 (23.5)
Other 1348 (219) 1012 (150)
Vascular 710 (11.5) 732 (109)
ASA class, n (%)
11 4001 (64.9) 4131 (614) | <0001
-V 2,161 (35.1) 2,594 (38.6)
Steroid use, yes, 1 (%) 4223 (68.5) 5261 (782) | <0.001%
Surgery time, hours 351 (1.74) 369 (179) | <0.001%
Intraoperative blood loss, mL | 247.63 (43633) | 285.17 (45239) | <0.001%

Preoperative biology, mean (SD)
CRP 11.35 (19.99) 15.96 (26.73) 0.009*
PCT 0.07 (0.29) 0.09 (0.17) 0431
Neutrophil 556 (3.99) 677 (4.90) <0.001*
RDW-CV 13.40 (133) 1340 (1.28) 0786

SIRS, systemic inflammatory response syndrome; ASA, American Society of
Anesthesiologists; CRP, C-reactive protein; PCT, procalcitonin; RDW-CYV,
coefficient of variation of red blood cell distribution width

*peans statistically sionificance.





