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In this study, we examined the effect of postoperative anemia on the prognosis of 721 patients with pseudomyxoma peritonei (PMP). Based on the initial hemoglobin (Hb) levels measured after surgery, the patients were categorized into the normal Hb (n = 65) and anemia groups (n = 656 patients, 91%), and the anemic patients were further divided into four subgroups based on their Hb levels. Patients with normal postoperative Hb levels had a significantly higher 5-year survival rate (80%) than those with anemia (67.4%). In addition, patients with Hb levels of 81–90 g/L had the shortest median survival duration of 36.3 ± 1.4 months. Tumor recurrence rates were consistent across the groups, whereas plasma and red blood cell transfusion volumes differed among the anemia subgroups. The postoperative cytoreduction rate, peritoneal carcinomatosis index, tumor grade, and Hb level were identified as factors significantly affecting postoperative survival. In conclusion, anemia developing within 24 h after surgery significantly affects the 5-year survival rate in patients with PMP, and the severity of anemia is a crucial risk factor.
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1 Introduction

Pseudomyxoma peritonei (PMP) is a rare clinical syndrome characterized by the widespread intraperitoneal dissemination of mucinous tumor cells, leading to the accumulation of large amounts of mucinous or gelatinous ascites within the peritoneal cavity (1–5). The tumor cells involved in PMP originate from nearly all abdominal organs including the ovaries, rectum, pancreas, and colon (6–11). However, the most common source of PMP is perforated appendiceal mucinous tumors, which account for approximately 87.2%–94% of all cases (12–15). The exact incidence rate of PMP remains to be determined. Some studies have reported an incidence of 1–2 per million (7, 16), whereas others estimated an incidence of 3–4 per million cases per year (17–19). The current standard treatment for PMP is complete cytoreductive surgery (CRS), which involves organ resection and peritonectomy, combined with hyperthermic intraperitoneal chemotherapy (HIPEC) (20, 21). Given the complexity and duration of CRS+HIPEC, involvement of multiple organs, and extensive intraoperative blood loss, patients might develop or experience worsening anemia following the procedure. Relatively little is known regarding the association between postoperative anemia and prognosis in patients with PMP. Studies show that preoperative anemia can adversely affect organ perfusion, postoperative wound healing and the overall recovery of patients (22–24). Furthermore, anemia is associated with increased postoperative complications, decreased response to chemotherapy, and worse outcomes in colorectal cancer patients (25, 26), and has been shown to increase the risk of short- and long-term mortality in patients with acute coronary syndrome (27–30). Although patients with PMP have a high risk of anemia before and after surgery due to the large amount of mucous ascites and complex surgical treatment, no study has reported a correlation between anemia and patient prognosis. In this study, we analyzed the incidence of anemia in PMP patients within 24 h after surgery and assessed its prognostic relevance.




2 Materials and methods



2.1 Case selection

PMP patients who were treated at the Mucinous Tumor Department of the Aerospace Center Hospital from January 2015 to December 2021 were retrospectively reviewed. The patients had been diagnosed according to the 2016 PSOGI consensus for PMP and received standard CRS+HIPEC. The exclusion criteria were as follows: 1) first postoperative test for hemoglobin (Hb) conducted more than 24 h after surgery, and 2) incomplete clinical data.




2.2 Assessment of anemia

Patients were categorized into normal Hb and anemia groups based on the results of the first Hb test conducted within 24 h after surgery. The criteria for anemia in men and women were Hb level <130 and <120 g/L respectively. Based on their Hb levels, patients with anemia were further stratified into the following subgroups: Hb ≤ 80 g/L, Hb = 81–90 g/L, Hb = 91–100 g/L, and Hb = 101–110 g/L.




2.3 Blood component transfusion

Transfused blood components were supplied by the Beijing Red Cross Blood Center. Red blood cells (RBCs) were either suspended or leuko-reduced in 1 U/2 U packets. Transfusions were ABO- and Rh-compatible, which was verified by cross-matching. All transfused components were irradiated with 25–30 Gy gamma radiation. In addition, ABO- and RhD-compatible frozen plasma samples (100 mL/200 mL) were obtained and thawed at 37°C for 25 min prior to transfusion.




2.4 Data collection

The following data were collected: sex, age, BMI (<18.5, 18.5–24, 24–28, >28), prior surgical score (PSS; 0–1 vs. 2–3), history of chemotherapy, cardiac function, history of hypertension, number of organs resected, postoperative cytoreduction rate (CCR; 0–1 vs. 2–4), peritoneal carcinomatosis index (PCI; ≤ 20 vs. > 20), tumor grade (1–2 vs. 3–4), postoperative recurrence status, recurrence-free interval (months), postoperative survival status and duration (months), postoperative transfusion volumes of RBCs (U), plasma (mL), and platelets (treatment dose), and the pre- and postoperative Hb levels (g/L) and platelet counts (1 × 109/L).




2.5 Outcome evaluation

The primary endpoint was 5-year overall survival (OS). Secondary endpoints included tumor recurrence during the follow-up period and the postoperative transfusion volumes of RBCs (U), plasma (mL), and platelets (treatment dose). Cox multivariate regression was used to identify independent risk factors for postoperative OS and tumor recurrence.




2.6 Statistical analysis

Continuous variables were presented as the mean ± standard deviation, and the different groups were compared by independent t-tests. Categorical variables were presented as absolute numbers and proportions, and the data were compared between the groups using the chi- squared test. The survival and recurrence rates were calculated by the Kaplan–Meier method and compared between the different groups and subgroups using the log-rank test. Univariate and multivariate Cox regression models were established to identify the independent risk factors for postoperative OS and tumor recurrence. BMI, CCR, PCI, tumor grade, preoperative Hb levels, PSS, and history of chemotherapy were selected as covariates to assess the effects of anemia and its severity on survival. SPSS 26.0 was used for all statistical analysis, and P < 0.05 was considered statistically significant.





3 Results



3.1 Baseline characteristics

There were 721 patients in the study cohort, including 264 men and 457 women with ages ranging from 19–85 years (mean age, 57.3 ± 10.8 years). Based on the initial postoperative Hb test, 65 patients were categorized into the normal Hb group, and 656 patients were classified as anemic. Accordingly, the incidence of 24-h postoperative anemia was 91%. Patients with anemia were further divided according to the severity of anemia, including 34 patients (5.2%) with severe anemia (Hb levels ≤ 80 g/L), 115 patients (17.5%) with moderate anemia (Hb levels = 81–90 g/L), 203 patients (30.9%) with mild/moderate anemia (Hb levels = 91–100 g/L), and 304 patients (46.3%) with mild anemia (Hb levels = 101–130 g/L). The demographic data (gender, age, BMI), medical history (chemotherapy history, heart disease history, hypertension history), operation information (PSS, CCR, PCI, tumor grade, number of organs resected, operation time, intraoperative bleeding) and preoperative HB levels of the normal HB group and anemia group were compared. As shown in Table 1, there were significant differences in gender distribution, CCR, PCI, tumor grade, number of organs resected, preoperative HB levels, intraoperative bleeding and operation time between the two groups (P < 0.05).


Table 1 | Comparative analysis of basic information between normal HB and anemia group.
	Variable
	Normal Hb
	Anemia
	P value


	<80
	81-90
	91-100
	>100



	Gender
	 
	 
	 
	 
	 
	0.000*


	Female
	42
	24
	84
	145
	162
	 


	Male
	23
	10
	31
	58
	142
	 


	Age
	54.66 ± 12.77
	60.94 ± 9.47
	58.27 ± 10.41
	57.24 ± 10.35
	57.12 ± 10.84
	0.067


	BMI
	 
	 
	 
	 
	 
	0.091


	 <18.5
	4
	6
	12
	19
	13
	 


	 18.5-24
	33
	16
	67
	95
	158
	 


	 24-28
	21
	10
	26
	63
	90
	 


	 >28
	7
	2
	10
	26
	43
	 


	PSS
	 
	 
	 
	 
	 
	0.155


	 0-1
	35
	14
	54
	95
	170
	 


	 2-3
	30
	20
	61
	108
	134
	 


	Chemotherapy history
	 
	 
	 
	 
	 
	0.072


	 No
	53
	23
	76
	157
	234
	 


	 Yes
	12
	11
	39
	46
	70
	 


	Cardiac disease history
	 
	 
	 
	 
	 
	0.828


	 No
	62
	33
	112
	199
	294
	 


	 Yes
	3
	1
	3
	4
	10
	 


	Hypertension history
	 
	 
	 
	 
	 
	0.159


	 No
	50
	23
	90
	170
	232
	 


	 Yes
	15
	11
	25
	33
	72
	 


	CCR
	 
	 
	 
	 
	 
	0.000*


	 0-1
	39
	1
	24
	55
	112
	 


	 2-4
	26
	33
	91
	148
	192
	 


	PCI
	 
	 
	 
	 
	 
	0.000*


	 ≤20
	34
	1
	19
	37
	88
	 


	 >20
	31
	33
	96
	166
	216
	 


	Tumor grade
	 
	 
	 
	 
	 
	0.044*


	 1-2
	56
	30
	106
	188
	257
	 


	 3-4
	65
	34
	115
	203
	304
	 


	Organectomy
	3.32 ± 2.04
	5.06 ± 3.00
	3.61 ± 2.52
	3.80 ± 2.28
	3.37 ± 1.93
	0.000*


	Preoperative HB
	130.78 ± 19.41
	95.26 ± 12.86
	101.70 ± 16.26
	107.04 ± 15.06
	117.68 ± 16.15
	0.000*


	Preoperative PLT
	235.63 ± 77.32
	294.71 ± 96.99
	292.73 ± 111.55
	282.70 ± 99.93
	255.42 ± 90.05
	0.000*


	Intraoperative bleeding
	1003.08 ± 865.2
	2137.35 ± 1508.15
	1612.61 ± 1194.65
	1535.49 ± 1516.76
	1300.82 ± 972.70
	0.000*


	Surgery time
	447.82 ± 110.47
	512.18 ± 150.51
	498.62 ± 145.04
	511.51 ± 132.43
	478.20 ± 128.00
	0.003*





*P < 0.05; BMI, body mass index; PSS, prior surgical score; CCR, cytoreduction rate; PCI, peritoneal carcinomatosis index.






3.2 Association between anemia and postoperative survival

All patients enrolled in the study were successfully followed-up, and the median follow-up duration was 26 months (range: 2–76 months). Thirteen patients with normal Hb levels died during the follow-up period, and the median postoperative OS duration of this group was 55.5 months (range: 45.2–65.8 months). In addition, there were 214 deaths in the anemia group, and the median postoperative OS duration was 47.8 months (range: 44.8–50.8 months). As shown in Figure 1A, the 5-year postoperative survival rate was 80% in the normal Hb group, compared to only 67.4% in the anemia group, and the difference was significant (χ2 = 6.237, P=0.013). The mean OS durations in patients with severe, moderate, mild/moderate, and mild anemia were 44.6 ± 7.6, 36.3 ± 1.4, 52.6 ± 4.8, and 50.1 ± 2.3 months respectively. Furthermore, the OS in all anemia subgroups was significantly shorter than that in the normal group (χ2 = 27.784, P < 0.001), and patients with Hb levels of 81–90 g/L had the shortest median survival (Figure 1B).

[image: Two survival analysis graphs compare overall survival periods. Graph A contrasts normal and anemic groups, showing higher survival in the normal group. Graph B breaks down survival by hemoglobin levels in ranges: ≤80, 81-90, 91-100, 101-130, with the normal group showing the highest survival across time, followed by increasingly lower survival in the others. Each graph includes censored data points.]
Figure 1 | (A) Kaplan–Meier curves presenting postoperative overall survival (OS) in the normal and anemia groups. (B) Kaplan–Meier curves presenting postoperative OS in the anemia subgroups.




3.3 Association between anemia and postoperative tumor recurrence

During the follow-up period, nine patients with normal Hb levels and 52 patients with anemia experienced tumor recurrence. No significant difference was observed in the 5-year recurrence rates (χ2 = 1.577, P=0.212) or the median time to recurrence (19.7 ± 2.1 vs. 23.1 ± 1.3 months) between the two groups. The cumulative postoperative tumor recurrence rates in the two groups are shown in Figure 2.

[image: Two line graphs comparing overall survival over months. Graph A shows survival for normal and anemia groups with censored data. Graph B breaks down groups further into ranges like ≤80 and 81-90, including censored data. Both graphs demonstrate survival trends over time.]
Figure 2 | (A) Kaplan–Meier curves presenting the cumulative tumor recurrence rate in the normal and anemia groups after surgery. (B) Kaplan–Meier curves presenting the cumulative tumor recurrence rate in the anemia subgroups after surgery.




3.4 Factors affecting postoperative overall survival

The univariate Cox regression model revealed that BMI < 18.5 kg/m2, PSS 2–3, history of chemotherapy, postoperative CCR2–4, PCI > 20, tumor grade 3–4, preoperative Hb levels, and postoperative Hb levels of 81–90 and 91–100 g/L were significantly associated with postoperative OS in patients with PMP (all P < 0.05, Table 2). Furthermore, multivariate Cox regression analysis identified postoperative CCR2–4, PCI > 20, and tumor grade 3–4 as the independent risk factors for postoperative OS in the normal Hb group and all anemia subgroups (all P < 0.05, Table 3). The postoperative Hb level was identified as an independent risk factor for postoperative OS when comparing the four anemia subgroups to the normal Hb group (P=0.012, Table 3).


Table 2 | Univariable cox regression analysis of the factors affecting postoperative survival.
	Variable
	HR
	95.0% CI
	P



	Gender
	Male vs. Female
	1.03
	0.79
	1.34
	0.849


	Gge
	Every 1 year
	1.01
	1.00
	1.02
	0.196


	BMI
	 
	 
	 
	 
	0.043*


	 18.5-24
	vs <18.5
	1.67
	0.92
	3.02
	0.091


	 24-28
	vs <18.5
	1.15
	0.73
	1.83
	0.546


	 >28
	vs <18.5
	0.84
	0.51
	1.40
	0.504


	PSS
	0–1 vs 2-3
	1.46
	1.12
	1.90
	0.005*


	Chemotherapy history
	Yes vs No
	1.50
	1.15
	1.97
	0.003*


	Cardiac disease history
	Yes vs No
	1.01
	0.52
	1.97
	0.975


	Hypertension history
	Yes vs No
	1.04
	0.77
	1.40
	0.821


	Organectomy
	n
	1.04
	0.98
	1.11
	0.199


	CCR
	0–1 vs 2-4
	2.89
	1.99
	4.20
	<0.001*


	PCI
	≤20 vs >20
	3.55
	2.27
	5.57
	<0.001*


	Tumor grade
	1–2 vs 3-4
	1.76
	1.27
	2.45
	0.001*


	Preoperative HB
	g/L
	0.98
	0.98
	0.99
	<0.001*


	Postoperative HB binary grouping
	Anemia vs Normal
	2.01
	1.15
	3.53
	0.014*


	Postoperative HB five groups
	 
	 
	 
	 
	<0.001*


	 ≤80
	vs Normal
	2.03
	0.94
	4.39
	0.071


	 81-90
	vs Normal
	3.83
	2.05
	7.15
	<0.001*


	 91-100
	vs Normal
	1.97
	1.07
	3.61
	0.029*


	 101-130
	vs Normal
	1.71
	0.961
	3.044
	0.068





*P < 0.05; BMI, body mass index; PSS, prior surgical score; CCR, cytoreduction rate; PCI, peritoneal carcinomatosis index.




Table 3 | Multivariate cox regression analysis of the factors affecting postoperative survival.
	Variable
	Two groups
	Five groups


	HR
	95.0% CI
	P
	HR
	95.0% CI
	P



	BMI


	 <18.5
	 
	 
	 
	 
	0.489
	 
	 
	 
	0.571


	 18.5-24
	vs <18.5
	1.05
	0.57
	1.95
	0.868
	0.98
	0.53
	1.83
	0.960


	 24-28
	vs <18.5
	0.96
	0.60
	1.53
	0.860
	0.93
	0.58
	1.49
	0.759


	 >28
	vs <18.5
	0.77
	0.46
	1.28
	0.310
	0.76
	0.45
	1.27
	0.292


	CCR
	0–1 vs 2-4
	1.77
	1.11
	2.82
	0.014*
	1.77
	1.11
	2.82
	0.016*


	PCI
	≤20 vs >20
	2.30
	1.34
	3.93
	0.002*
	2.34
	1.36
	4.03
	0.002*


	Tumor grade
	1–2 vs 3-4
	2.33
	1.63
	3.31
	0.001*
	2.35
	1.66
	3.34
	0.001*


	Preoperative HB
	g/L
	0.99
	0.98
	1.00
	0.122
	1.00
	0.99
	1.01
	0.521


	PSS
	0–1 vs 2-3
	1.15
	0.86
	1.55
	0.340
	1.14
	0.85
	1.53
	0.389


	Chemotherapy history
	Yes vs No
	1.12
	0.83
	1.52
	0.469
	1.14
	0.84
	1.55
	0.396


	Postoperative HB binary grouping
	Anemia vs Normal
	1.34
	0.75
	2.39
	0.330
	–
	–
	–
	–


	Postoperative HB five groups
	 
	 
	 
	 
	 
	 
	 
	 
	0.012*


	 ≤80
	vs Normal
	–
	–
	–
	–
	1.15
	0.50
	2.63
	0.739


	 81-90
	vs Normal
	–
	–
	–
	–
	2.40
	1.22
	4.73
	0.011*


	 91-100
	vs Normal
	–
	–
	–
	–
	1.40
	0.74
	2.65
	0.304


	 101-130
	vs Normal
	–
	–
	–
	–
	1.25
	0.69
	2.27
	0.454





*P<0.05; -, blank.






3.5 Postoperative transfusion volumes for RBCs, plasma, and platelets

The anemic patients received postoperative transfusions of blood components depending on hemorrhaging, oxygen deficiency, and other symptoms, the results of Hb and platelet testing, and coagulative function. RBC infusion was given when the Hb level was less than 70g/L, platelet transfusion was performed when the cell count dropped below 20×109/L, and plasma transfusion was given to patients with abnormal coagulation function. There were significant differences in the volumes of plasma and RBC transfusions among the four anemia subgroups (all P < 0.05), whereas that of platelet transfusion was similar across all subgroups (F=0.107, P=0.956). The results have been summarized in Table 4 and Figure 3.


Table 4 | Postoperative blood component infusion in patients with anemia.
	Group
	Plasma(mL)
	Red blood cell (U)
	Platelet (U)



	≤80
	294.12 ± 378.95
	3.74 ± 3.38
	0.06 ± 0.24


	81-90
	132.17 ± 324.05
	1.52 ± 2.18
	0.05 ± 0.03


	91-100
	112.32 ± 250.93
	1.26 ± 2.48
	0.04 ± 0.43


	100-120/130
	48.68 ± 180.94
	1.34 ± 3.05
	0.03 ± 0.24


	F
	15.26
	8.66
	0.11


	P
	0.001*
	0.001*
	0.956





*P<0.05.



[image: Graph A displays the volume of plasma against four anemia subgroups, showing a downward trend. Graph B illustrates the mean values of red blood cells and platelets across the same subgroups, with red blood cells decreasing and platelets remaining stable.]
Figure 3 | (A) Postoperative plasma use in patients with anemia; (B) Postoperative use of red blood cells and platelets in patients with anemia.





4 Discussion

PMP is a rare malignancy of the peritoneal surface and is characterized as a chronic and progressively advancing disease. The current gold standard for treatment is a combination of CRS and HIPEC (20, 21). The 9th International Congress on Peritoneal Surface Malignancies endorsed CRS+HIPEC as the standard treatment for PMP in 2014 (31). The combination of CRS and HIPEC has been demonstrated to either cure patients or palliatively reduce tumor size, thereby extending survival and alleviating symptoms (32, 33). Ansari et al. reported 5- and 10-year OS rates of 87.4% and 70.3% respectively in 1000 patients with appendiceal tumors following CRS+HIPEC (34). Likewise, an Australian single-center cohort study reported median OS of 104 months and a 5-year survival rate of 75% among these patients (35). Consistent with previous reports, we found that the 5-year OS rate in patients with normal Hb levels within 24h of undergoing CRS+HIPEC was 80%.

Anemia is a frequent complication of cancer progression and treatment. The incidence of pretreatment anemia in cancer patients is approximately 40%, and may increase to 50%–90% after treatment (36–38). Nearly one-third of patients exhibit anemia prior to elective surgery, and approximately 50% of these cases are the result of deficiencies in iron, folic acid, and vitamin B12 (39). Furthermore, surgical trauma resulting in overt and occult blood loss can exacerbate postoperative anemia. In fact, the incidence rate of anemia following hip and knee joint replacement surgeries exceeds 80% (36), and approximately 84.6%–88.5% of patients undergoing hip fracture surgeries (39), and up to 89.2% of those undergoing bone tumor surgeries (40) develop postoperative anemia. PMP is a slow-progressing cancer with non-specific clinical manifestations, which often leads to late-stage diagnoses and subsequent anemia in many patients. Furthermore, CRS typically involves extensive peritoneal resections, often requiring complex postoperative reconstruction that results in significant blood loss (41). These factors contribute significantly to the high rate of postoperative anemia in patients with PMP. In this study, 91% of patients with PMP developed anemia within 24h of undergoing CRS+HIPEC, and the most common presentation was mild anemia. The causes of anemia in patients with PMP are complex and have not been clearly defined. We found that female patients were more likely to develop postoperative anemia. Other factors that were related to postoperative anemia included preoperative HB level, CCR, PCI, tumor grade, number of organs removed, intraoperative blood loss and length of operation. Patients with CCR, PCI and high tumor grade may need longer operation time and more extensive organ resection, resulting in increased intraoperative bleeding and a higher risk anemia after operation. Patients with low preoperative HB are less tolerant of bleeding, and even a small amount of bleeding may lead to postoperative anemia. The reconstruction and recovery of gastrointestinal function in patients with CRS + HIPEC may also be an important factor for anemia. Studies show that anemia is a prognostic factor in cancer patients (42–44), and concurrent anemia can worsen prognosis (35, 45). Wan et al. found that concurrent anemia in patients with lung, colorectal, breast, and liver cancers shortened survival compared to that in patients without anemia (46). In addition, reversing postoperative anemia in patients with late-stage large-cell neuroendocrine carcinoma can improve the quality of life and extend survival (47). Both preoperative and postoperative anemia can significantly enhance postoperative mortality rates (36, 48). In this study, we found that patients with PMP exhibiting normal Hb levels within 24h following CRS+HIPEC had higher 5-year survival rates, as well as longer median survival, than those with anemia. Furthermore, we also observed a trend of declining median survival with increasing severity of anemia.

Interestingly, postoperative anemia did not affect tumor recurrence in patients with PMP. Previous studies have shown that the degree of cytoreduction (34, 49), PCI (50–53), and tumor histological type are important prognostic factors for PMP (34, 54). In our study, postoperative CCR2–4, PCI > 20, and tumor grade 3–4 were identified as independent factors affecting patient prognosis and OS. Although the postoperative Hb level was also an independent risk factor in the normal Hb group and anemia subgroups, no significant differences were observed in the binary classification of normal versus anemic. This can be attributed to the high rate of postoperative anemia in patients with PMP, resulting in fewer patients with normal Hb levels and therefore insufficient statistical power. The severity of postoperative anemia was correlated with median 5-year OS, and patients with Hb levels of 81–90 g/L had the shortest median survival. This might be attributed to the fact that patients with Hb levels lower than 80 g/L exhibit more obvious clinical symptoms of ischemia and hypoxia and therefore receive urgent medical attention and timely blood transfusion. In contrast, those with Hb levels of 81–90 g/L lack overt clinical signs, and they are less likely to receive timely transfusion given the limited supply of allogenic blood. Consequently, ischemia and hypoxia are not effectively improved in these patients, resulting in shorter median survival. Therefore, timely blood transfusion may improve prognosis and extend the median postoperative survival of patients with PMP.

Owing to its single-center, retrospective design, this study had certain limitations. Given the high rate of postoperative anemia in patients with PMP, there were fewer patients with normal Hb levels, which necessitated an increase in the sample size to enhance statistical efficiency. Moreover, we only examined the correlation between the degree of postoperative anemia and patient prognosis. Further research is needed to assess the impact of preoperative anemia on prognosis. There are several possible reasons that may explain the poor prognosis in patients with postoperative anemia. First, the oxygen carrying capacity of patients with anemia is reduced (55), leading to insufficient oxygen supply that impairs tissue repair and slows down the healing. Second, due to the characteristics of PMP and the complexity of surgery, the reconstruction of gastrointestinal function after surgery directly affects the nutritional status of patients. Malnutrition can trigger or aggravate anemia (56, 57), weaken the immune system, and increase the risk of postoperative infection. Third, the insufficient oxygen supply caused by compensatory anemia leads to increased cardiac load, resulting in increased risk of ischemia and thrombosis (58). Finally, anemia also reduces the patient’s ability to move (59), resulting in prolonged and poor recovery after surgery.

In summary, patients with PMP are prone to develop anemia within 24h of undergoing surgery, which can significantly affect their 5-year survival rates. Furthermore, the severity of postoperative anemia is a crucial risk factor in patients with PMP. Therefore, it is essential to monitor and stratify these patients based on the severity of anemia, and assess the status of ischemia and hypoxia to identify those requiring blood component transfusion, and thus improve prognosis. Post-surgery malnutrition is an important cause of anemia in PMP patients, and the decline in immune function due to anemia increases the risk of infection and inflammation. However, we did not evaluate the association between malnutrition, inflammation, and the prognosis. We will address the prognostic relevance of the nutrition-inflammation axis in PMP patients in a follow-up study.
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