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This study aimed to determine the relationship between hemoglobin (Hb) concentration and post-operative delirium (POD) in elderly patients undergoing femoral neck fracture (FNF) surgery and to investigate whether the change in Hb concentration is associated with POD and the risk factors for POD. A total of 889 patients admitted with FNF between January 2016 and December 2020 were enrolled in this single-center, retrospective, case–control study. Hb concentrations were determined at admission and post-operative day 1 and the change in Hb concentration was defined as the absolute value of difference in pre-operative and post-operative Hb concentration. POD was assessed using the Confusion Assessment Method for the Intensive Care Unit (ICU) or the Confusion Assessment Method once a daily after surgery. The logistic regression analysis was performed for statistical analysis. In total, 172 (19.3%) patients developed POD and 151 (87.8%) patients developed POD within post-operative 3 days. Low pre-operative Hb concentration [p = 0.026, odds ratio (OR) = 0.978] and significant change in Hb concentration (p = 0.006, OR = 1.033) were significantly associated with POD. After excluding change in Hb concentration or pre-operative Hb concentration, neither of them was significantly associated with POD (p > 0.05). The interaction analysis of change in Hb concentration and pre-operative Hb concentration in the logistic regression model was negative. There was no significant relationship between post-operative Hb concentration and POD. Age (p < 0.001, OR = 1.072), stroke history (p = 0.003, OR = 2.489), post-operative ICU transfer (p = 0.007, OR = 1.981), and visual analog scale score within post-operative 2 days (p1 = 0.016 and p2 = 0.006) were independently associated with POD in the logistic regression analysis. Patients with low pre-operative Hb concentrations and high changes in Hb concentration seem to have an increased risk of POD and should receive more attention. Old age, stroke history, post-operative ICU transfer, and pain within post-operative 2 days were significantly associated with POD.
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INTRODUCTION

Post-operative delirium (POD), with a prevalence of up to 62% (1), is common in elderly patients with femoral neck fracture (FNF). POD is characterized by acute impairment of attention and cognitive function post-operatively, with fluctuating courses and various clinical manifestations, involving multiple phenotypes such as apathy, agitation, irritability, and mania (2, 3). Previous studies have shown that POD is related to short-term and long-term adverse outcomes such as prolonged hospital stay, increased mortality rate, and declined quality of life (2, 4–6). However, the pathogenesis of POD remains unclear (7), and lowering the risk of POD is considered the optimal method to decrease its incidence.

Perioperative low hemoglobin (Hb) concentrations are also prevalent in elderly patients undergoing FNF surgery and lead to prolonged length of stay (LOS) and increased risk of 30-day readmission and long-term mortality (8–10). Most studies on the relationship between perioperative Hb concentrations and POD have indicated that low pre-operative Hb concentrations would lead to a high risk of POD (11–14), whereas Myint et al. conducted an observational study of 653 patients and found no association between them (15). In all the cases, FNF surgery is associated with substantial blood loss. Although red blood cell (RBC) transfusions are performed, if needed, delayed transfusion and severe blood loss would lead to significant differences in pre-operative and post-operative Hb concentrations.

Pre-operative and post-operative Hb concentrations were determined in this study to explore whether Hb concentration and change in Hb concentration were associated with POD in elderly patients undergoing FNF surgery. In addition, the risk factors for POD were assessed.



MATERIALS AND METHODS

This single-center, retrospective, case–control study was approved by the Research and Ethics Committee of the Affiliated Hospital of Qingdao University on January 27, 2021 (registration number: QYFY WZLL 26226). Written informed consent was not obtained because of the retrospective nature of this study. This study included all the patients aged 65 years and older who had received elective FNF surgery at the Affiliated Hospital of Qingdao University from January 2016 to December 2020. The medical records of all the patients included in this study were obtained from the electronic database of the Affiliated Hospital of Qingdao University. This study also followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reposting guidelines (16).

Patients were excluded based on the following criteria: (1) conservative treatment, (2) bilateral surgery or non-FNF surgery, (3) multiple traumas or fractures, (4) lack of data on Hb concentrations or blood transfusion and lack of cognitive or delirium assessment, and (5) cognitive impairment pre-operatively.

Data collection was conducted by two anesthetists (HH and JG) who were blinded to the study design and statistical analysis. A total of 889 patients who met the criteria were included in the final analysis (Figure 1).
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FIGURE 1. Flowchart of the case selection. FNF, femur neck fracture; Hb, hemoglobin.



Outcomes

The Confusion Assessment Method for the Intensive Care Unit (CAM-ICU) (17) and the CAM (18) were used to assess delirium once daily for post-operative 5 days by nurses in the ICU and ward. Both CAM and CAM-ICU contain 4 criteria: acute onset of fluctuating course, inattention, disorganized thinking, and altered consciousness, while satisfying criteria 1 and 2 and either 3 or 4, it was positive. Meanwhile, HH and JG reviewed the medical records of each patient in detail, found patients whose symptom description matched the Diagnostic and Statistical Manual of Mental Disorders-5 (DSM-5) (3) through a chart review, and confirmed the diagnosis when they had the same judgments. In patients older than 65 years, the anesthesiologist in the institution routinely assessed cognitive function using the Mini-Mental State Examination (MMSE) (19) during pre-operative visits; if the patient had the MMSE score of <27, it was recorded as having mild cognitive impairment. Finally, patients without mild cognitive impairment were categorized into the POD and non-POD groups.



Variables

Laboratory Hb concentrations were monitored at admission and on post-operative day 1 according to the diagnostic procedure and, if necessary, according to the clinical judgment about re-examination. In this study, we extracted Hb concentrations at admission and on post-operative day 1. The change in Hb concentration was the absolute value of the difference in pre-operative and post-operative Hb concentrations.

Demographic characteristics including sex, age, body mass index, smoking and drinking history, and the American Society of Anesthesiology (ASA) score were collected. Comorbidity burden included major heart disease, lung disease, metabolic disease, and cerebrovascular disease. Hypoalbuminemia was defined as an albumin level of 35 g/l. The units of RBC transfusion from admission to post-operative 5 days were collected. Data on the operation and anesthesia time, intraoperative blood loss, types of operation and anesthesia, and post-operative ICU transfer were collected. Primary acute post-operative complications such as hypoxemia, electrolyte imbalance, and arrhythmia were collected. In addition, information on perioperative drug use and LOS was collected.

Patients were encouraged to stand and walk gradually from post-operative day 1 or mechanically-assisted rehabilitation was performed in bed. Post-operative pain assessment using the visual analog scale (VAS) was conducted by a trained nurse once daily within post-operative 3 days. The pain score was divided into four grades according to pain intensity: painless (0 point), mild (1–3 points), moderate (4–6 points), and severe (7–10 points) pain.



Statistical Analysis

Regarding statistical analysis, categorical variables are expressed as frequencies and percentages, normally distributed continuous variables are expressed as mean and SD, and non-normally distributed continuous variables are expressed as median and interquartile range. With respect to continuous variables, Student's t-test was performed to test for differences between groups. The chi-squared or the Wilcoxon signed-rank tests were performed to detect differences between groups for discontinuous variables or non-normally distributed continuous variables. Patients with missing records of Hb concentrations, blood transfusion, delirium, or cognitive assessment were excluded.

Age, stroke history, pre-operative and post-operative Hb concentrations, perioperative changes in Hb concentrations, intraoperative blood loss, surgery and anesthesia type, surgery and anesthesia time, pre-operative and post-operative hypoalbuminemia, post-operative ICU transfer, post-operative hypoxemia, and the VAS scores within post-operative 3 days were analyzed using the multivariate logistic regression model. Sensitivity analyses were performed using the multivariate logistic regression with the variables deleted. The product term of pre-operative Hb concentration and change in Hb concentration [Hb (pre) × Hb change] reflects the interaction in the logistic regression analysis. Therefore, we conducted 4 models: model 1: logistic regression analysis contained Hb (pre- and post-operative), perioperative Hb change, age, stroke history, surgery and anesthesia type, hypoalbuminemia (pre- and post-operative), midazolam, intraoperative blood loss, operation time, anesthesia time, ICU transfer, hypoxemia, and VAS in 1–3 days after surgery; model 2: logistic regression analysis contained factors in model 1, except perioperative Hb change; model 3: logistic regression analysis contained factors in model 1, except pre-operative Hb concentration; model 4: logistic regression analysis contained factors in model 1 and factor “Hb (pre) × Hb change.” Statistical significance was set at a two-tailed p-value of 0.05. Data were coded and stored and analyzed using the Statistical Package for the Social Sciences (SPSS) version 22.0 (SPSS Incorporation, Chicago, Illinois, USA).




RESULTS


Incidence of POD and Baseline Characteristics

A total of 172 patients (19.3%) developed POD. Of these patients, 151 patients (87.8%) developed delirium within post-operative 3 days (Table 1). The mean age in the POD and non-POD groups was 81.3 ± 7.0 and 77.3 ± 7.3 years, respectively. A total of 646 women (72.7%) were finally included. In this study, 732 patients (82.3%) had the ASA 3 grade and no patient had the ASA 1 grade in this study. LOS was longer in the POD group than in the non-POD group (11.3 ± 5.1 vs. 10.5 ± 4.7 days, p = 0.078) (Table 2). No patient data was lost from the 889 participants. No patient was painless on the first day after surgery both in the POD and non-POD groups.


Table 1. The time of post-operative delirium happening from surgery end.

[image: Table 1]


Table 2. The univariate analysis of post-operative delirium.
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Hemoglobin and the Hb Change and POD

The pre-operative and post-operative Hb concentrations were lower in the POD group than in the non-POD group (116 ± 16.4 vs. 120.5 ± 16.6 g/l, p = 0.004; 96.2 ± 16.2 vs. 101.1 ± 15.9 g/l, p < 0.001). No patient had Hb concentration of <7 g/l pre-operatively, whereas 22 patients (2.5%) had post-operative Hb concentration of <7 g/l. The mean change in Hb concentration was 21.2 ± 12.3 g/l and the change in perioperative Hb concentration was higher in the POD group than in the non-POD group (23.1 ± 12.8 vs. 20.7 ± 12.2 g/l).

Low pre-operative Hb concentrations [p = 0.026, odds ratio (OR) = 0.978, 95% CI = 0.959–0.997] and change in perioperative Hb concentration (p = 0.006, OR = 1.033, 95% CI = 1.010–1.057) together were significantly associated with POD after adjustment for age, stroke history, surgery and anesthesia type, hypoalbuminemia (pre-operatively and post-operatively), midazolam use, intraoperative blood loss, operation and anesthesia time, post-operative ICU transfer and hypoxemia, and the VAS score within post-operative 3 days (Table 3). After excluding one of the two factors (pre-operative Hb concentration and change in Hb concentration), respectively, with other confounding factors left unchanged, another factor was no more significant (Table 4). Including the factor “Hb (pre) × Hb change” in the logistic regression analysis, there was no interaction effect between pre-operative Hb concentration and the change of Hb concentration. Moreover, the effect of the factor “Hb change” was significant in model 4 (p = 0.022, OR = 1.139, 95% CI = 1.019–1.274), while the effect of “Hb (pre)” was not.


Table 3. The logistic analysis of POD.
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Table 4. Different models of the logistic analysis of the independent risk factors (p < 0.05) of POD.
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The difference of the area under the curve (AUC) between models, which included pre-operative Hb concentration and Hb change, respectively, in the receiver operating characteristic (ROC) curve analysis, was fairly small (model 2: AUC = 0.745, p < 0.001, 95% CI = 0.703–0.787; model 3: AUC = 0.742, p < 0.001, 95% CI = 0.699–0.784) (Figure 2). Age (p < 0.001, OR = 1.072), stroke history (p = 0.003, OR = 2.489), post-operative ICU transfer (p = 0.007, OR = 1.981), and the VAS score within post-operative 2 days (p1 = 0.016 and p2 = 0.006) were independently associated with POD in the logistic regression analysis.


[image: Figure 2]
FIGURE 2. The ROC curve analysis of different models of the logistic analysis. ROC, receiver operating characteristic; AUC, area under the curve.





DISCUSSION

In this case–control study, pre-operative Hb concentration and perioperative change in Hb concentration were significantly associated with POD and perioperative change in Hb concentration seemed to be more important. Advanced age, stroke history, ICU transfer, and the VAS score within post-operative 2 days were found to be significant independent risk factors for POD.

Many studies have focused on the relationship between Hb concentrations and POD (13, 20). The association between low pre-operative Hb concentration and POD is consistent with the results of previous studies. Tahir et al. conducted a prospective observational study of 381 patients and found that low Hb concentration might increase the risk of POD by ~3-fold (21). Elsamadicy et al. conducted a retrospective cohort study and found that pre-operative lower Hb concentrations were significantly associated with POD (13). One of the most popular plausible explanations is that low Hb concentrations reduce cerebral oxygen delivery (7, 22), which is also one of the theories of pathophysiology of POD. We found no statistical significance between post-operative Hb concentration and POD. This result might be related to routine oxygen inhalation for 12 h after surgery in our medical center. The routine post-operative oxygen treatment might have effectively prevented the occurrence of tissue hypoxia, so it also reduced the occurrence of POD. However, whether improving hypoxia would prevent POD was beyond the aim of this study and should be further studied. The results in this study suggested that not only low Hb concentration should be corrected in elderly patients perioperatively, but a great perioperative change in Hb concentration should be avoided to reduce the occurrence of POD.

To the best of our knowledge, this is the first study to find that perioperative change in Hb concentration was associated with POD and after interaction analysis, it might be more important. We hypothesize that the perioperative change in Hb concentration might contribute to POD by reducing the oxygen delivery of the brain and further studies are needed to demonstrate it. The mean change in Hb concentration in this study was 21.2 ± 12.3 g/l; this is consistent with the finding of a previous observational study (8), which involved 1,534 patients and found that the mean perioperative change in Hb concentration was 19–30 g/l. Though the change in Hb concentration was significantly related to POD, the OR indicated that the influence was small. This might be due to many factors that can affect Hb concentration. Perioperative blood loss is the most important factor for the change in Hb concentration. In all cases, FNF surgery results in a large amount of blood loss (23), and post-operative blood loss is ~1.6-fold of intraoperative blood loss. We found that detailed records of post-operative blood loss were lacking; therefore, only intraoperative blood loss was recorded. In addition, pre-operative hemoconcentration and post-operative hemodilution might contribute to change in Hb concentrations. In an observational prospective study of 225 patients, Clemmesen et al. (24) found that only three patients had low Hb concentrations at admission, whereas the majority of patients had low Hb concentrations at the time of surgery. This indicated that pre-operative hemoconcentration might be common in patients undergoing FNF surgery. Pre-operative Hb concentration is often inflated due to hypovolemia and/or dehydration, masking the actual low Hb concentration. Therefore, fluid replacement or transfusion therapy could be important. However, it is hard for us to identify the relationship between them and POD for the lack of pre-operative records.

The prevalence of POD varied from 10.5 to 42.0% in previous studies (25–29). The incidence of POD in this study was 19.3%, which is consistent with the results of previous studies. Older age, stroke history, and post-operative ICU transfer were found to be significantly associated with POD and these were generally clarified in previous studies (7, 30). The finding that the VAS score in post-operative 2 days was significantly associated with POD is consistent with those of previous studies, which showed that pain was an independent post-operative risk factor for POD (31–34). This result also indicated that analgesia efficiency was not good, even for patients in our center for whom a multimodal analgesia strategy was used for post-operative pain. Therefore, analgesia strategies should be investigated in further studies.


Strengths and Limitations

This study has some strengths. The sample size of 889 patients was large. As far as we know, this study is the first study to assess the relationship between change in Hb concentration and POD; This study found a positive association between the two.

This study has some limitations. First, this was a retrospective case–control study, information was obtained from medical records, and the strength of the causal relationship was limited. Second, the once daily assessment of POD in this study might increase the missed diagnosis and underestimate the incidence of POD. Given that, our researchers reviewed the medical records of each patient in detail, found patients whose symptom description matched POD through the chart review, and as supplements only when the two reviewers confirmed the diagnosis in agreement. Moreover, the medical records of perioperative blood loss and fluid replacement were incomplete. We only collected data on intraoperative blood loss, the data on post-operative blood loss, and the perioperative volume of fluid that could not be obtained accurately. Therefore, the relationship between perioperative blood loss and the perioperative fluid volume and POD needs to be verified in further studies. In addition, this was a single-center study. Therefore, the generalizability of the results is limited. Large-scale multicenter studies are needed in the future.

In conclusion, the results of this study showed that pre-operative Hb concentration and perioperative changes in Hb concentration were significantly associated with POD. Age, stroke history, post-operative ICU transfer, and the VAS score in post-operative 2 days were independently associated with POD.
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Atter adjustment for Hb (ore- and post-operative), perioperative Hb change, age, stroke
history, surgery and anesthesia type, hypoalbuminemia (ore), hypoalbuminemia (post),
midezolam, intraoperative blood loss, operation time, anesthesia time, ICU transfer,
hypoxemia, and the VAS in 1-3 days after surgery.
POD, post-operative deliium; Hb, hemoglobin; OR, odd ratio; ICU, intensive care unit;

VAS, visual analog scale.
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