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Abstract

:

Background and Objectives: This study aimed to investigate the role of the pre- and postoperative neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) in predicting intensive care unit (ICU) admission and postoperative length of stay (LOS) in bariatric surgery. Materials and Methods: We retrospectively analysed 96 patients who underwent bariatric surgery at our institution. The NLR and PLR were calculated in the pre- and postoperative stages. Changes in pre- and postoperative hematological ratios were compared using the Wilcoxon signed-rank test. The optimal cutoff values and area under the curve (AUC) for each ratio were calculated using receiver operating characteristic (ROC) analysis. Multivariate linear regression analysis was used to assess the relationship between each ratio and the postoperative LOS after adjusting for age, sex, and American Society of Anesthesiologists (ASA) score. Results: The median age of our patients was 35.50 years, and 54.2% were male. The preoperative NLR showed a significant increase from 1.44 to 6.38 postoperatively (p < 0.001). The PLR increased from 107.08 preoperatively to 183.58 postoperatively, p < 0.001). ROC analysis showed that the postoperative NLR was a moderate to high predictor of ICU admission (AUC = 0.700, optimal cutoff point = 5.987). The postoperative PLR had less predictive power for ICU admission (AUC = 0.641, optimal cutoff point = 170.950). Ratios that had a statistically significant relationship with the postoperative LOS were the preoperative NLR (standardized β [95% CI]: 0.296 [0.115–0.598]), postoperative NLR (0.311 [0.034–0.161]), and postoperative PLR (0.236 [0.000–0.005]). Conclusions: The NLR and PLR demonstrated an independent relationship with the postoperative LOS after bariatric surgery and the predictive ability of ICU admission. Both ratios might be useful as simple markers to predict patient outcome after surgery.
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1. Introduction


Overweight and obesity are significant global health challenges, and their prevalence has escalated markedly since 1975. The World Health Organization reports that 39% of adults are overweight (BMI > 25 kg/m2) and 13% are obese (BMI > 30 kg/m2), affecting over 1.9 billion individuals globally. These conditions are independent risk factors for various health issues, including cardiovascular diseases, musculoskeletal disorders, such as osteoarthritis, metabolic diseases, such as diabetes, and certain types of cancer [1].



Management strategies for obesity are multifaceted and vary based on the severity of obesity, associated chronic illnesses, and genetic factors. Lifestyle modification is the primary approach; however, for individuals with morbid obesity (BMI > 40 kg/m2) or those with a BMI > 35 kg/m2 with associated comorbidities such as diabetes and sleep apnea, bariatric surgery is often the recommended course [2]. Bariatric procedures, including Roux-en-Y gastric bypass, adjustable gastric banding, and sleeve gastrectomy, are increasingly being utilized, with over 340,000 surgeries performed globally [3]. Therefore, identifying patients at a higher risk of early and late postoperative complications associated with these surgeries is crucial [4].



Obesity significantly contributes to inflammation, which is closely associated with changes in insulin resistance, atherosclerosis, hypertension, and certain cancers [5,6]. Overweight and obese individuals exhibit variations in serum levels of inflammatory cytokines including tumor necrosis factor-alpha (TNF-α), C-reactive protein (CRP), interleukins-6 (IL-6), and interleukins-18 (IL-18) [7,8,9,10]. It has been observed that body fat measurements show a stronger correlation with these inflammatory markers than BMI [8,10,11]. Although CRP and IL-6 are valuable indicators of systemic inflammation in bariatric surgery, they are not routinely investigated in the perioperative period among bariatric patients [12].



Inflammation following major surgeries is crucial and is balanced by pro- and anti-inflammatory responses within the innate and adaptive immune systems, which promote repair and healing [13,14]. However, a dysregulated inflammatory response can elevate the risk of organ dysfunction and postoperative complications, and lead to poorer recovery outcomes, including persistent disability or death [15,16,17,18]. A recent study by Bain et al. (2023) showed that increased levels of postoperative systemic inflammation are significantly associated with a higher risk of serious complications, including unplanned intensive care unit (ICU) admissions, prolonged ICU and hospital stays, and 90-day mortality after major abdominal surgery [19]. This highlights the importance of inflammatory markers in improving patient-centered outcomes.



In the context of bariatric surgery, hematological inflammatory markers such as the neutrophil-to-lymphocyte ratio (NLR) have gained attention for their predictive and prognostic values [20,21]. These markers are easily obtainable from routine complete blood count (CBC) analyses and provide cost-effective and readily available data for perioperative risk assessment. Recent studies, including those by Aykota et al. (2021) and Ertugrul and Kuzu (2019), have demonstrated significant decreases in the NLR value 6-months and 1-year following bariatric procedures such as laparoscopic sleeve gastrectomy, correlating with reductions in BMI. Aykota et al. also observed significant changes in the platelet-to-lymphocyte ratio (PLR) value 1-year after surgery, adding further insight into the role of these markers in tracking long-term surgical outcomes and patient recovery [22,23].



The roles of the NLR and PLR are well established in non-bariatric surgeries such as cardiac surgery, where they have been found to predict 90-day mortality and length of hospital stay [24]. Notably, Tzikos et al. (2023) revealed that higher postoperative NLR values and longer ICU lengths of stay were independent risk factors for 90-day mortality in cardiac surgery patients [24]. Moreover, the preoperative NLR has been reported to correlate with the Clavien–Dindo classification system of postoperative complications in acute calculous cholecystitis patients requiring surgical treatment [25]. This finding highlights the importance of these markers in critical care settings. However, the specific roles of the NLR and PLR as predictive tools in the perioperative period of bariatric surgery remain underexplored, particularly in predicting postoperative complications, such as ICU admission. This gap highlights the need for further investigation of the utility of these inflammatory markers in a bariatric surgery setting.



Therefore, our study aimed to investigate the predictive value of the NLR and PLR in bariatric surgery. We focused on the postoperative outcomes, with the primary endpoint being ICU admission and the secondary endpoint being the length of hospital stay. By providing a clearer understanding of these markers in the context of bariatric surgery, our research seeks to contribute to the optimization of patient care and management in this increasingly prevalent surgical field.




2. Materials and Methods


This retrospective cohort study was conducted at King Abdulaziz Medical City (KAMC) in Riyadh, Saudi Arabia. The study was approved by the Institutional Review Board (IRB) of the King Abdullah International Medical Research Centre (KAIMRC) (IRB/1569/22). The need for informed consent was waived by the IRB at KAIMRC due to the retrospective nature of the study. The study was conducted in accordance with the Declaration of Helsinki and local and institutional guidelines.



Patients included in this study (1) were older than 18 years, (2) had undergone bariatric surgery, and (3) had complete medical records. Patients were excluded from this study if they (1) were younger than 18 years, (2) had incomplete medical records, (3) had undergone non-bariatric surgery, (4) had previous malignancies, and (5) had coagulopathies. The primary outcome was postoperative ICU admission and the secondary outcome was hospital length of stay (LOS), which was defined as the number of days from the patient’s postoperative admission until discharge.



The following laboratory and clinical information was collected: sociodemographic data including sex, age, and BMI, along with clinical data including the American Society of Anesthesiologists (ASA) score, Obstructive Sleep Apnea (OSA), and surgery time (without and with anesthesia time). Pre- and postoperative laboratory parameters were obtained, including lymphocyte and neutrophil counts, platelet counts, white blood cell count, and hemoglobin levels. Postoperative CBC data were eligible for analysis if performed within 7 days after surgery since there is no standardized protocol on the timing of postoperative blood collection in our hospital. The following hematological parameters were calculated for all patients, including the NLR, defined as the ratio between absolute neutrophil count and absolute lymphocyte count, and the PLR, defined as the ratio between absolute platelet count and absolute lymphocyte count. Postoperative outcomes, including ICU admission, reason for ICU admission, and the postoperative LOS, were obtained. All data were extracted from the electronic medical records database of KAMC. The reasons for ICU admission were stratified based on the cause of ICU admission.



The data in this study were analyzed using SPSS (version 28.0; IBM, Armonk, NY, USA). Categorical parameters are presented as frequencies and percentages. Continuous variables were checked for normality using the Shapiro–Wilk test. All clinical data were non-normally distributed and are presented as medians (interquartile range). Laboratory parameters before and after surgery were compared using the Wilcoxon signed-rank test. Receiver operating characteristic (ROC) curve analysis was performed to identify the ability of the pre- and postoperative NLR and PLR to predict ICU admission. The area under the curve (AUC), cutoff value, sensitivity, and specificity were calculated. Univariate and multivariate linear regression analyses were performed to examine the influence of the NLR and PLR on the postoperative LOS. The multivariate analysis was adjusted for age, sex, and ASA classification score. Variables in the NLR and PLR formulas were not included in multivariate analysis. The level of significance was set at p < 0.05 (two-sided).




3. Results


As shown in Table 1, the participants included 52 men (54.2%) and 44 women (45.83%), with a median age of 35.50 years. All patients underwent laparoscopic sleeve gastrectomy. The majority of our patients were categorized by the ASA classification system as ASA III (49%), followed by ASA II (41.7%). Thirty-three patients (34.4%) had a history of endocrine comorbidities and 30 (31.3%) had a history of cardiovascular comorbidities. In addition, only seven patients had a history of OSA. Of the 96 patients, only 12 (12.5%) required ICU admission, and cardiovascular complications (41.6%) were the dominant cause of ICU admission. The median length of hospital stay in the entire cohort was 4.00 days.



Next, we analyzed the differences between the preoperative and postoperative laboratory parameters and hematological ratios (Table 2). The Wilcoxon signed-rank test indicated a significant difference between pre- and postoperative neutrophil counts (3.87 × 109/L vs. 9.54 × 109/L, p < 0.001). A marked increase was also observed in WBC count from 7.40 × 109/L in the preoperative stay to 11.75 × 109/L in the postoperative stay (p < 0.001). On the other hand, we observed a significant decrease in lymphocyte count from 2.82 × 109/L preoperative to 1.60 × 109/L postoperatively (p < 0.001). A slight but significant decrease in hemoglobin levels was also noted between the pre- and postoperative periods (133.50 vs. 130.00, p < 0.001). Importantly, both the NLR and PLR markedly increased from 1.44 and 107.08 in the preoperative period to 6.38 and 183.58, respectively (all p < 0.001).



As shown in Table 3, ROC analysis demonstrated that the postoperative NLR had the strongest predictive power with 91.7% sensitivity, 51.2% specificity, and an optimal cutoff point of 5.987 at AUC = 0.700, 95% CI = 0.583–0.818. (The higher the AUC-ROC value, the stronger the biomarker’s predictivity for ICU admission.) The preoperative NLR had a modest predictive ability (AUC = 0.642, 95% CI = 0.465–0.819), with 75% sensitivity, 52.4% specificity, and an optimal cutoff point of 1.358. The PLR was generally less predictive of ICU admissions based on ROC analysis than the NLR. The postoperative PLR, with 91.7% sensitivity, 52.4% specificity, and an optimal cutoff point of 170.950, had an AUC of 0.641 (95% CI = 0.506–0.776. The lowest predictive ability corresponded to the preoperative PLR at AUC = 0.629, 95% CI = 0.476–0.782, with 83.3% sensitivity, 60.7% specificity, and an optimal cutoff point of 93.285. (Table 3).



We assessed the association between various factors and the length of hospital stay using univariate linear regression analysis. (Table 4). The LOS was associated with the following: the preoperative NLR (β = 0.292, 95% CI 0.116–0.588, p = 0.004), postoperative lymphocyte count (β = −0.366, 95% CI −0.959–−0.302, p < 0.001), postoperative NLR (β = 0.293, 95% CI 0.030–0.153, p = 0.004), and postoperative PLR (p = 0.027). We then performed multivariable linear regression analysis to identify the independent impact of the hematological ratios on the postoperative LOS (Table 5). We found that the postoperative LOS was independently associated with the preoperative NLR (β = 0.296, 95% CI 0.115–0.598, p = 0.004), postoperative NLR (β = 0.311, 95% CI 0.034–0.161, p = 0.003), and postoperative PLR (β = 0.236, 95% CI 0.000–0.005, p = 0.024).




4. Discussion


As operating room practitioners, including surgeons and anesthetists, are required to assist in identifying potential adverse outcomes in the early perioperative stages, inflammatory indicators demonstrated their effectiveness during this time. Simple and inexpensive parameters, such as the NLR and PLR, can aid surgeons in early identification, lowering death rates, and improving discharge times. Elevation of these hematological ratios in surgical patients is clinically important as it indicates an ongoing inflammatory process and arguably has prognostic implications. In this study, the NLR and PLR exhibited significant differences across two time points: the immediate preoperative and postoperative periods. Our findings highlight that the NLR and PLR are valuable parameters for predicting ICU admission. In univariate analysis, the preoperative NLR and postoperative NLR and PLR were associated with the postoperative LOS. This significance was maintained in multivariate analysis after adjusting for age, sex, and ASA classification score.



Because of their ability to identify cases of high physiological stress, the NLR and PLR have been explored as markers of severity and prognosis. They have been widely used in a variety of diseases and disorders, including acute pancreatitis [26], acute coronary syndrome [27], acute pulmonary embolism [28], and rheumatic diseases [29]. Importantly, the performance of these hematological indices was similar to that of CRP [30,31]. Previous research has shown that the NLR is a useful prognostic marker for individuals with sepsis [32,33] and critically ill populations in general [34]. Due to its remarkable diagnostic accuracy in sepsis, pneumonia, and bacteremia, the NLR has drawn a lot of attention [35]. The NLR is at least a moderate predictor of bacteremia, with AUROCs ranging from 0.7 to 0.77 [36]. The NLR has a strong association and equivalent effectiveness in identifying bacterial sepsis in emergency care settings when compared to other biomarkers, such as CRP and procalcitonin. Regardless of the microbiological cause, the NLR may represent a patient’s physiological stress when they are critically unwell [37]. Our results are supported by those of previous studies. Although ICU admission after bariatric surgery was uncommon in the current study, our findings demonstrated that the NLR and PLR have potential predictive abilities for ICU admission in bariatric surgery patients. In line with our findings, Da Silva et al. found that the postoperative NLR was significantly associated with major complications such as unplanned intubation [21]. However, the value of the PLR in predicting major complications was not explored in the same study. The fundamental functions of platelets in maintaining hemostasis are essential for adaptive immunity and the initiation of an inflammatory response [38]. For example, a significant relationship was found between hospital mortality and platelet count in patients with community-acquired pneumonia [39]. The PLR has been demonstrated to have good predictive value in individuals with cancers [40,41], acute myocardial infarction [42], or stable coronary artery disease [43]. Studies demonstrating a relationship between the PLR and ICU duration of stay [44], and even hospital mortality [45,46], demonstrate how its application in prognostication has expanded to the critically ill population.



Obesity-induced inflammation is common and has long been recognized to be associated with adverse outcomes such as the development of type 2 diabetes, coronary artery calcification, and stroke [47,48,49]. Inflammatory markers measured in obesity-related studies often include IL-6, TNF-α, and CRP [12]. Although these biomarkers are valuable indicators of systemic inflammation, they are not routinely used in the clinical setting. Currently, research efforts are shifting towards the development and validation of simple and inexpensive biomarkers. Immune-inflammatory markers, such as the NLR and PLR, are used to forecast the immune-inflammatory process, which was found to be a useful criterion for determining which patients are at risk for morbidities and postoperative adverse outcomes [21]. It is important to note that while clinical findings are the best way to identify potential adverse events, these predictive biomarkers may be crucial in identifying complications following surgery, especially when symptoms are not present. This study confirms and extends previous studies showing that the evaluation of immune-inflammatory markers, such as the NLR and PLR, is crucial. In support of this, we showed a marked increase in both the NLR and PLR measured at two time points, before and after surgery. An increased NLR and PLR reflect the degree of activated immune-inflammatory response and, thus, vulnerability to adverse outcomes after surgery. Since obesity is a well-known pro-inflammatory condition, similar to cancer patients [50,51], our study demonstrated the value of measuring the NLR and PLR at two different time points and showed the potential to predict ICU admission and longer hospitalization after surgery.



Although blood measurements are frequently utilized as prognostic values for many diseases and cancers, their effect on the development of complications in ICU patients remains uncertain. The results revealed significant changes in neutrophils, lymphocytes, WBC, hemoglobin, the NLR, and the PLR in the preoperative and postoperative periods, demonstrating how the inflammatory response plays a role in complications. In fact, preoperative monitoring of these simple markers can help clinicians to identify high-risk patients and develop optimization strategies. In addition, longitudinal analysis of these markers during the perioperative stage may allow clinicians to personalize patient care and early detection of postoperative complications. Although this study contains useful information, it has numerous limitations, most notably, its retrospective approach. Furthermore, there was no definite blood collection time for postoperative hematological examinations. Other limitations include the relatively small number of cases, and more prospective studies with larger numbers of patients are needed to expand our understanding of this area.




5. Conclusions


Currently, the risk assessment of patients undergoing bariatric surgery is based on clinical evaluations. As the NLR and PLR are simple and inexpensive parameters that can be easily acquired from complete blood count analysis, they have the potential to be incorporated into the daily clinical practice of bariatric surgery patients. Based on our findings, it is evident that the NLR and PLR can serve as reliable parameters to predict ICU admission and are independently associated with postoperative hospital LOS. Our findings highlight the potential clinical significance of these ratios in identifying high-risk patients and in optimizing postoperative care. However, further large-scale prospective studies are necessary to validate our findings and assess their usefulness in comparison to other inflammatory parameters such as CRP.
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Table 1. Baseline and postoperative outcomes of the entire cohort.






Table 1. Baseline and postoperative outcomes of the entire cohort.









	Variable
	All (n = 96)





	Age, years, median (IQR)
	35.50 (16.50)



	Gender, Male, n (%)
	52 (54.2)



	BMI, Kg/m2, median (IQR)
	44.10 (6.92)



	OSA, n (%)
	7 (7.30)



	ASA, n (%)
	



	ASA I
	7 (7.3)



	ASA II
	40 (41.7)



	ASA III
	47 (49.0)



	ASA IV
	2 (2.1)



	Comorbidity, n (%)
	



	Respiratory
	0 (0)



	Endocrine
	33 (34.4)



	Cardiovascular
	30 (31.3)



	Duration of surgery, minutes, median (IQR)
	



	Without anesthesia
	77.50 (45.50)



	Including anesthesia
	105.00 (52.75)



	Admission to ICU
	12 (12.5)



	Reason for ICU admission, n (%)
	



	Cardiovascular
	5 (41.6)



	Respiratory
	2 (16.7)



	Hematological
	1 (8.3)



	Others
	4 (33.3)



	Postoperative LOS, days, median (IQR)
	4.00 (1.00)







BMI, body mass index; OSA, obstructive sleep apnea; ASA, American Society of Anesthesiologists score; LOS, length of stay. Continuous data are presented as the median (interquartile range), and categorical data are presented as number of cases (%).













 





Table 2. Changes in laboratory values and hematological ratios before and after surgery.






Table 2. Changes in laboratory values and hematological ratios before and after surgery.





	Variable
	Preoperative Value
	Postoperative Value
	z
	p-Value





	Neutrophils (×109/L)
	3.87
	9.54
	−8.370
	<0.001 *



	Platelets (×109/L)
	288.00
	289.50
	−0.202
	0.840 *



	Lymphocytes (×109/L)
	2.82
	1.60
	−8.233
	<0.001 *



	WBC (×109/L)
	7.40
	11.75
	−7.845
	<0.001 *



	Hemoglobin
	133.50
	130.00
	−5.281
	<0.001 *



	NLR
	1.44
	6.38
	−8.409
	<0.001 *



	PLR
	107.08
	183.58
	−7.886
	<0.001 *







BMI, body mass index; OSA, obstructive sleep apnea; ASA, American Society of Anesthesiologists score; LOS, length of stay. * Statistically significant findings from Wilcoxon signed-rank test.













 





Table 3. Receiver operating characteristic analysis of hematological ratios for intensive care unit admission.






Table 3. Receiver operating characteristic analysis of hematological ratios for intensive care unit admission.





	Variable
	AUC
	95% CI
	Optimal Cutoff Point
	Sensitivity
	Specificity





	Preoperative NLR
	0.642
	0.465–0.819
	1.358
	0.750
	0.524



	Postoperative NLR
	0.700
	0.583–0.818
	5.987
	0.917
	0.512



	Preoperative PLR
	0.629
	0.476–0.782
	93.285
	0.833
	0.607



	Postoperative PLR
	0.641
	0.506–0.776
	170.950
	0.917
	0.524







NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.













 





Table 4. Univariable linear regression analysis of the factors associated with postoperative length of hospital stay.
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	Variable
	Standardized β [95% CI]
	p-Value





	Age
	0.040 [−0.017–0.025]
	0.696



	Gender
	−0.016 [−0.543–0.467]
	0.880



	BMI
	0.038 [−0.037–0.054]
	0.713



	ASA
	0.192 [−0.307–0.455]
	0.702



	Preoperative laboratory values
	
	



	Platelets
	−0.110 [−0.005–0.002]
	0.285



	Neutrophils
	0.049 [−0.125–0.203]
	0.639



	Lymphocytes
	−0.189 [−0.714–0.021]
	0.065



	NLR
	0.292 [0.116–0.588]
	0.004 *



	PLR
	0.086 [−0.004–0.010]
	0.405



	WBC
	−0.060 [−0.188–0.102]
	0.559



	Hemoglobin
	−0.009 [−0.016–0.015]
	0.933



	Postoperative laboratory values
	
	



	Platelets
	−0.081 [−0.004–0.002]
	0.434



	Neutrophils
	0.137 [−0.024–0.127]
	0.182



	Lymphocytes
	−0.366 [−0.959–−0.302]
	<0.001 *



	NLR
	0.293 [0.030–0.153]
	0.004 *



	PLR
	0.225 [0.000–0.005]
	0.027 *



	WBC
	0.058 [−0.051–0.091]
	0.576



	Hemoglobin
	−0.055 [−0.020–0.011]
	0.597



	Duration of surgery

(without anesthesia)
	0.064 [−0.005–0.010]
	0.537



	Duration of surgery

(with anesthesia)
	0.131 [−0.002–0.011]
	0.203







CI, confidence interval; BMI, body mass index; ASA, American Society of Anesthesiologists score; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; WBC, white blood cell. * Statistically significant results.













 





Table 5. Multivariable linear regression analysis of the independent relationship between hematological ratios and postoperative length of hospital stay.






Table 5. Multivariable linear regression analysis of the independent relationship between hematological ratios and postoperative length of hospital stay.





	Variable
	Standardized β [95% CI]
	p-Value





	Preoperative NLR
	0.296 [0.115–0.598]
	0.004 *



	Postoperative NLR
	0.311 [0.034–0.161]
	0.003 *



	Preoperative PLR
	0.095 [−0.004–0.011]
	0.368



	Postoperative PLR
	0.236 [0.000–0.005]
	0.024 *







NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio. * Statistically significant results.
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