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Pre-operative prognostic
nutrition index and
post-operative pneumonia in
aneurysmal subarachnoid
hemorrhage patients
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Chunhua Hang!*!

!Department of Neurosurgery, Nanjing Drum Tower Hospital, The Affiliated Hospital of Nanjing
University Medical School, Nanjing, China, 2Department of Radiology, Nanjing Drum Tower Hospital, The
Affiliated Hospital of Nanjing University Medical School, Nanjing, China

Background and objective: Post-operative pneumonia (POP), a common
complication, may be associated with prolonged hospitalization and long-term
mortality in aneurysmal subarachnoid hemorrhage (aSAH) patients. This study
aimed to explore the association between pre-operative prognostic nutrition index
(PNI) and POP in aSAH patients.

Methods: A total of 280 aSAH patients were enrolled from Nanjing Drum Tower
Hospital. PNI was calculated as follows: [10 x albumin(gr/dl)] 4+ [0.005 x absolute
pre-operative lymphocyte count (per mm?3)]l. We utilized multivariate analyses,
restricted cubic spline, net reclassification improvement (NRI), and integrated
discrimination improvement (IDI) to elucidate the role of PNI in POP.

Results: Pre-operative PNI levels in the POP group were higher, compared with
the non-POP group (41.0 [39.0, 45.4] vs. 44.4 [40.5, 47.3], P = 0.001). When
we included PNI as a categorical variable in the multivariate analysis, the levels
of PNI were associated with POP (odds ratio, 0.433; 95% confidence interval,
0.253-0.743; P=0.002). In addition, when we included PNI as a continuous
variable in the multivariate analysis, the PNI levels were also associated with
POP (odds ratio, 0.942; 95% confidence interval, 0.892-0.994; P = 0.028). The
level of albumin was also a predictor of the occurrence of POP, with a lower
diagnostic power than PNI [AUC: 0.611 (95% confidence interval, 0.549-0.682;
P = 0.001) for PNI vs. 0.584 (95% confidence interval, 0.517-0.650; P =
0.017) for albumin]. Multivariable-adjusted spline regression indicated a linear
dose-response association between PNI and POP in aSAH participants (P for
linearity = 0.027; P for non-linearity = 0.130). Reclassification assessed by IDI
and NRI was significantly improved with the addition of PNI to the conventional
model of POP in aSAH patients (NRI: 0.322 [0.089-0.555], P = 0.007; IDI: 0.016
[0.001-0.031], P = 0.040).

Conclusion: The lower levels of pre-operative PNI may be associated with the
higher incidence of POP in aSAH patients. Neurosurgeons are supposed to pay
more attention to pre-operative nutrition status in aSAH patients.
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Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) is one of the
severe neurosurgical diseases, which leads to a grave health burden
(1-4). A fraction of aSAH patients may develop several common
complications, such as post-operative pneumonia (POP), even if
they undergo standardized operational treatment (5-8). According
to previous studies, POP tends to be associated with prolonged
hospitalization and long-term mortality in aSAH patients and may
further aggravate family burden (6, 9). To a large extent, in the
perioperative management of aSAH patients, early detection and
active prevention of POP are therefore crucial.

Nutritional status is important for the management of surgical
patients or patients with cerebrovascular diseases (10, 11). The
prognostic nutritional index (PNI) is a novel index, which consists
of the levels of albumin and lymphocyte counts and could represent
the status of nutritional immune inflammation (12, 13). Ma M
et al. found that the lower PNI might be associated with the
worse New York Heart Association classification of coronary heart
disease patients (12). Based on the analysis of the data derived
from Multiparameter Intelligent Monitoring in Intensive Care, the
PNI was an independent predictor of 30-day, 90-day, and 1-year
mortality of critically ill patients with stroke (13). However, few
studies have elucidated the role of pre-operative PNI in POP. For
this reason, this study aims to explore the association between
pre-operative PNI and POP in patients with aSAH.

Methods

Participants

In this retrospective observational study, we enrolled aSAH
patients who underwent an operation in the Department of
Neurosurgery, Nanjing Drum Tower Hospital, the Affiliated
Hospital of Nanjing University Medical School, from June 2018
to May 2022. This study was approved by the institutional review
board of Nanjing Drum Tower Hospital. All patients were managed
according to the American Heart Association/American Stroke
Association guidelines (14). The institutional review board waived
the requirement for informed consent since no intervention was
performed and no personally identifiable information appeared.

The inclusion criteria were as follows:

Admission within 24 h after onset of aSAH.
SAH was diagnosed by computed tomography (CT), and

(1)

2
the diagnosis of an aneurysm was achieved by digital
subtraction angiography.

3)

(4)

Undergoing an operation.
Age 18 years or above.

The exclusion criteria were as follows:

SAH due to other possible causes.

Pre-operative pneumonia, inflammatory/infectious disease,
or autoimmune diseases.

Antibiotics before hospitalization.

Hospitalization <72 h.
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(5) Incomplete pre-operative data.

The details of the enrollment are shown in Figure 1.

Clinical data

The clinical data we collected included age, gender,
hypertension, diabetes mellitus, atrial fibrillation, alcohol abuse
(never, currently, and formerly), tobacco use (never, currently, and
formerly), aneurysm location (anterior circulation and posterior
circulation), the Hunt-Hess scale, the World Federation of
Neurological Surgeons (WFNS) scale, the mFisher scale, systolic
blood pressure, diastolic blood pressure, heart rate, and laboratory
data (white blood cell counts, lymphocyte counts, albumin, fast
blood glucose, uric acid, and C-reactive protein). Laboratory data
were measured before operation. PNI was calculated as follows: [10
x albumin(gr/dl)] 4+ [0.005 x absolute pre-operative lymphocyte
count (per mm?)] (12, 15).

POP was diagnosed by two researchers who were blinded
to other clinical and laboratory findings during hospitalization.
Patients who developed lower respiratory tract infection after the
operation received a diagnosis of POP according to the modified
Centers for Disease Control and Prevention criteria. In the current
study, either possible or confirmed pneumonia as determined by
these criteria was included as pneumonia (6, 16, 17).

Statistical analysis

Data were analyzed using SPSS version 22.0 (SPSS Inc,
Chicago, IL) and R version 4.1.0 software (http://www.R-
project.org/). We presented baseline characteristics of the study
participants as mean = standard deviation or median (interquartile
range) for continuous variables and as frequency (percentage)
for categorical variables. Univariate analysis was performed using
Students t-test or the Mann-Whitney U-test for continuous
variables and the Fisher exact test or x? test for categorical
variables, where appropriate. To confirm the association between
PNI and POP, we also constructed multivariate logistic regression,
including PNI as a continuous or categorical variable, respectively.
The multivariate analysis was adjusted for the characteristics
with a P-value of < 0.1 in univariate analysis. Restricted cubic
splines (RCS) were performed to explore the shapes of the
associations between pre-operative PNI and POP with five knots
(at the 10th, 30th, 50th, 70th, and 90th percentiles). Moreover,
we then utilized two statistical indexes, net reclassification
improvement (NRI) and integrated discrimination improvement
(IDI), to assess improvement in model performance to predict
POP, by adding PNI. A P-value of < 0.05 was considered to be
statistically significant.

Results
From June 2018 to May 2022, we enrolled 280 aSAH

participants who underwent an operation (Figure 1). A total of 121
(43.2%) participants had developed POP. The aSAH participants
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490 Hospitalized cases with SAH
from Neurosurgical intensive care unit
from June 2018 to May 2022

85 None-aSAH

Y

405 aSAH

——

20 Antibiotics before hospitalization
34 Pre-operative pneumonia, inflammatory/infectious
disease or autoimmune diseases

A4

280 Final patients with aSAH
analysed in the study(pre-operation PNI < 43.6
were divided into lower pre-operation PNI group)

Y Y

29 Hospitalization < 72 hours
42 Incomplete pre-operative data

TR

121 participants had
developed POP

[ 159 None-POP ]

FIGURE 1
Flowchart.

with pre-operative PNI < 43.6 were divided into the lower pre-
operative PNI group, and the aSAH participants with pre-operative
PNI > 43.6 were divided into the higher pre-operative PNI group.
Table 1 shows the characteristics of all patients referred with lower
pre-operative PNI or higher pre-operative PNI. The aSAH patients
with lower pre-operative PNI were older (P = 0.001) and have
higher levels of Hunt-Hess and WENS scales (P = 0.001), fast blood
glucose (P = 0.004), C-reactive protein (P = 0.001), albumin (P =
0.001), uric acid (P = 0.003), lower levels of diastolic blood pressure
(P=0.025), white blood cell counts (P = 0.047), and lymphocyte
counts (P =0.001)

Table 2 manifests the characteristics of all patients referred with
POP or without POP. The aSAH patients, who developed POP had
higher levels of Hunt-Hess and WENS scales (P = 0.001), mFisher
scale (P = 0.001), white blood cell counts (P = 0.035), lymphocyte
counts (P = 0.041), albumin (P = 0.001), fast blood glucose (P =
0.008), C-reactive protein (P = 0.035), and lower levels of PNI (P
= 0.001). Moreover, the details of pre-operative PNI levels between
the POP group and non-POP group are shown in Figure 2 (41.0
[39.0, 45.4] vs. 44.4 [40.5, 47.3], P = 0.001).

The multivariate analysis was adjusted for the characteristics
with a P-value of < 0.1 in Table 2. When we included pre-
operative PNI as a categorical variable in the multivariate analysis,
the levels of PNI were associated with POP (odds ratio, 0.433;
95% confidence interval, 0.253-0.743; P = 0.002). In addition,
when we included pre-operative PNI as a categorical variable in
the multivariate analysis, the PNI levels were also associated with
POP (odds ratio, 0.942; 95% confidence interval, 0.892-0.994; P =
0.028). In addition, the lower levels of albumin may be associated
with a higher incidence of POP in aSAH patients. When the
albumin value was adjusted in the multivariate analysis, the odds
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ratio for higher PNI was 0.376 (95% confidence interval, 0.187-
0.757, P = 0.006). The level of albumin was also a predictor of
the occurrence of POP, with a lower diagnostic power (P = 0.017,
AUC = 0.584, 95% confidence interval, 0.517-0.650) than PNI (P
=0.001, AUC = 0.616, 95% confidence interval, 0.549-0.682). The
level of lymphocyte counts did not significantly predict POP (P =
0.060). To avoid the possibility of inducing collinearity among the
values of albumin, lymphocyte counts, and PNI, we excluded the
two variables (albumin and lymphocyte counts) from the ultimate
multivariate analysis. Table 3 displays the multivariate analysis for
the association between pre-operative PNI and the presence of POP

in aSAH patients.
Figure 3 indicates a linear dose-response association
between PNI before operation and the POP in aSAH

participants (P for linearity = 0.027; P for non-linearity
= 0.130). Reclassification assessed by IDI and NRI was
significantly improved with the addition of pre-operative
PNI to the conventional model of POP in aSAH patients
(NRIL: 0.322 [0.089-0.555], P = 0.007; IDI: 0.016 [0.001-0.031],
P =0.040; Table 4).

Discussion

We conducted this hospital-based observational study and
discovered that there is a link between PNI before operation
and POP in aSAH patients undergoing operation. In this
study, the incidence of POP is somewhat high in our center
perhaps because the aSAH patients in our center are more
serious and sicker. Moreover, our careful evaluation of POP
may also result in this phenomenon. The linear dose-response

frontiersin.org
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TABLE 1 Characteristics of all patients referred with lower PNI or higher
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TABLE 2 Characteristics of all patients referred with POP.

PNI.
Characteristics POP (n = Non-POP (n
Characteristics lower PNI (n  higher PNI 121) = 159)
= 139) (n=141)
Age, years 6124119 59.14+9.8 0.111
Age, years 62.5+ 104 57.5+10.6 0.001
Male, 1 (%) 56 (46.3) 63 (39.6) 0.264
0
Male, n (%) >3 (38.1) 66 (46.8) 0-142 Hypertension, n 77 (63.6) 93 (58.5) 0.382
(%)
Hypertension, n 85(61.2) 85 (60.3) 0.882 ’
(%) Diabetes Mellitus, 9(7.4) 8 (5.0) 0.404
(%)
Diabetes Mellitus, n 11(7.9) 6(4.3) 0.200
(%) Atrial Fibrillation, n 1(0.8) 1(0.6) 0.841
(%)
Atrial Fibrillation, n 1(0.7) 1(0.7) 0.988 ’
(%) Alcohol Abuse, 1 0.695
(%)
Alcohol Abuse, n 0.574
(%) Never 106 (87.6) 135 (84.9)
Never 122 (87.8) 119 (84.4) Currently 8 (6.6) 15 (9.4)
Currently 9(6.5) 14 (9.9) Ever 7(5.8) 9(57)
Tobacco Use, n (% 0.520
Ever 8(5.8) 8(5.7) )
Never 99 (81.8) 134 (84.3)
Tobacco Use, n (%) 0.599
Currently 10 (8.3) 15(9.4)
N 118 (84.9 115 (81.6
ever (84.9) (81.6) Ever 12 (9.9) 10 (6.3)
Currently 10 (7.2) 15 (10.6) Aneurysm 0.376
Location, n (%)
Ever 11(7.9) 11 (7.8)
Anterior 83 (68.6) 101 (63.5)
Aneurysm 0.676 Circulation
Location, n (% .
ocation, 1 (%) Posterior 38 (31.4) 58 (36.5)
Anterior 93 (66.9) 91 (64.5) Circulation
Circulati
frevation WENS scale, score 3(2,4) 2(1,3) 0.001
Posteri 46 (33.1 50 (35.5
c.)s erlof ( ) ( ) mPFisher scale, score 3(2,4) 2(2,4) 0.001
Circulation
Hunt and Hess 3(2,4) 2(1,3) 0.001 SBP, mmHg 140.6 £ 19.5 139.9 £19.5 0.775
scale, score DBP, mmHg 80.7 £11.4 80.1£11.8 0.687
WENS scale, score 3(2,4) 2(L,3) 0.001 Heart Rate, /min 77.0 (70.0, 89.0) 78.0 (68.0, 85.0) 0.520
mPFisher scale, score 3(2,4) 3(2,4) 0.148 White blood cell 11.7 (9.5, 16.5) 11.1(8.8,13.8) 0.035
counts, x10°/L
SBP, mmHg 139.4 £20.9 141.0 £ 17.9 0.491
Lymphocyte counts, 0.90(0.65, 1.20) 1.00(0.70, 1.30) 0.041
9
DBP, mmHg 78.8 £ 11.2 819+11.9 0.025 ¥ 10°/L
Fast blood glucose, 7.31(5.99, 9.33) 6.59 (5.52, 8.20) 0.008
Heart Rate, /min 78 (67, 85) 78 (70, 89) 0.240 mmol/L
White blood cell 10.9 (8.6, 14.3) 11.7 (9.6, 15.1) 0.047 C reactive protein, 25.1(8.2,65.3) 20.4 (6.4, 45.0) 0.035
counts, x10°/L mmol/L
Lymphocyte counts, 0.80(0.60, 1.00) 1.10(0.90, 1.60) 0.001 Albumin, g/L 36.5 (34.9, 40.0) 39.2(36.1,41.5) 0.001
x10°/L
Uric acid, jumol/L 221(173.5,284) 207 (162, 282) 0.532
Fast blood glucose, 7.31(5.97,9.49) 6.52 (5.53, 8.01) 0.004 .
PNI as a continuous 41.0 (38.9,45.4) 44.4 (40.4,47.3) 0.001
mmol/L
variable
Albumin, g/L 35.7(33.5, 36.9) 40.9(39.3,43.4) 0.001 X
PNI as a categorical 0.001
C reactive protein, 26.4 (8.40,65.30) | 17.9 (5.50, 39.40) 0.001 variable
mmol/L Lower PNI 76 (62.8) 63 (39.6)
Uric acid, pmol/L 198 (159, 247) 232 (174.5, 329) 0.003 Higher PNI 45 (37.2) 96 (60.4)

PNI, prognostic nutrition index; WFNS, World Federation of Neurological Surgeons; SBP, POP, post-operative pneumonia; PNI, prognostic nutrition index; WENS, World Federation

systolic blood pressure; DBP, diastolic blood pressure. of Neurological Surgeons; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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20 40 60 80

FIGURE 2
Ridge plot to present the levels of PNI in the POP group and
non-POP group.

TABLE 3 Multivariate analysis for the association between prognostic
nutritional index and presence of POP in patients with aneurysmal
subarachnoid hemorrhage.

Multivariate analysis* (0] 95%Cl P
PNI as a categorical variable

Lower PNI Reference reference

Higher PNI 0.433 0.253-0.743 0.002
PNI as a continuous variable 0.942 0.892-0.994 | 0.028

*Adjusted for Hunt and Hess scale, mFisher scale, white blood cell counts, fast blood glucose
and C reactive protein.

PNI, prognostic nutrition index; POP, post-operative pneumonia; OR, odds ratio; CI,
confidence interval.

association between PNI before operation and the POP was
confirmed by RCS analysis. In addition, pre-operative PNI could
also improve the ability of reclassification for POP, which was
confirmed by NRI and IDI. A previous study suggested that
low caloric intake and negative nitrogen balance were related
to the survival of SAH patients (18). The results of our
study showed the role of nutrition in POP of aSAH patients,
supplementing the important value of nutrition in patients
with SAH.

Malnutrition, PNI, and surgery

Pre-operative malnutrition plays a huge role in multiple
types of surgeries. Zhang et al. have found that pre-operative
malnutrition may serve as an independent risk factor for post-
operative mortality in elderly Chinese individuals undergoing
hip surgery (19). One study in America ascertained that pre-
operative malnutrition was associated with increased mortality and
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FIGURE 3

Relationship between levels of PNI and POP in aSAH patients
undergoing an operation. Adjusted odds ratios and 95% confidence
intervals derived from restricted cubic spline regression, with knots
placed at the 10th, 30th, 50th, 70th, and 90th percentiles of PNI
levels.

TABLE 4 Reclassification statistics (95% CI) for POP after the addition of
prognostic nutritional index.

Reclassification statistics  Estimate 95% ClI P
Multivariate model + PNI

NRI 0.322 0.089-0.555 | 0.007
IDI 0.016 0.001-0.031 | 0.040

Multivariate model, adjusted for Hunt and Hess scale, mFisher scale, white blood cell counts,
fast blood glucose and C reactive protein.

PNI, prognostic nutrition index; POP, post-operative pneumonia; NRI, net reclassification
improvement; IDI, integrated discrimination improvement.

adverse outcomes after pediatric cardiac surgery (20). Moreover,
pre-operative malnutrition may be associated with post-operative
affective disorders. Mazzola P et al. disclosed the association
between pre-operative malnutrition and post-operative delirium
after hip fracture surgery in older adults (21). PNI is a novel
and useful index to measure the status of nutrition. A study
enrolling 771 patients undergoing radical gastric cancer surgery
revealed that pre-operative PNI might be an independent risk factor
for the prognosis of patients with gastric cancer (22). Kanda M
et al. found that in patients with pancreatic cancer, PNI could be
associated with overall survival and post-operative complications,
in particular pancreatic fistula (23). Another study showed that
ascites and malnutrition are prediction factors for incomplete
cytoreductive surgery for peritoneal carcinomatosis from gastric
cancer (24).
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Malnutrition, PNI, and infection

There are also several studies that revealed the relationship
between malnutrition and infection. According to a previous
study, malnutrition is associated with an increased risk of
developing surgical site infection after spinal surgery (25). Clinical
epidemiological analysis showed that malnutrition might be able to
prolong the hospitalization of patients with COVID-19 infection
(26). A systematic review and meta-analysis also showed pre-
operative malnutrition negatively correlated with post-operative
infection after total joint arthroplasty (27). Moreover, one recent
research has found a relationship between PNI and new-onset
pneumonia in peritoneal dialysis patients (28). The present study
demonstrated that PNI and level of albumin were associated with
the risk of POP, which was partly in accordance with previous
research (7).

Malnutrition, PNI, and cerebrovascular
diseases

It is also vital to pay attention to the nutritional status of
patients with cerebrovascular diseases.

The relationship between nutrition and rehabilitation in stroke
patients is relatively recognized (29, 30). Yuan K et al. found
that malnutrition might be associated with long-term mortality
in older adults with ischemic stroke (31). From the results of
another research, PNI was an independent predicting factor of
30-day, 90-day, and 1-year mortality of critically ill patients with
stroke (13). Nutritional risk assessment may be related to outcomes
in SAH patients hospitalized in a neurointensive critical care
unit (32).

Strengths and limitations

Nevertheless, the study on PNI and POP in aSAH patients is
relatively rare. To the best of our knowledge, our study is the first to
investigate the link between pre-operative PNI and POP in aSAH
undergoing operation, further enhancing the clinical role of PNI in
surgery, infection, and cerebrovascular diseases.

This study has several flaws and limitations. First, it is
important to consider the relatively small size of the sample in
this study. We enrolled aSAH patients undergoing an operation
in only one center, so the conclusion may not be applied
to patients at other centers. Second, dynamic observations of
nutritional status will be needed in future studies to further
explore the relationship between nutritional status and POP in
aSAH patients. Third, several aSAH patients undergoing operation
left the hospital earlier. Therefore, we excluded these patients
because we did not know whether these patients developed POP,
which may lead to bias. Last, the observational design makes it
difficult to establish a causal association between nutritional status
and POP in aSAH patients undergoing an operation. Further
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longitudinal investigations with precision design are warranted in
the future.

Summary

In summary, this observational study revealed that pre-
operative PNI might be associated with the occurrence of POP
in patients with aSAH. The neurosurgeon is supposed to pay
attention to the nutritional status of aSAH patients. Future research
could focus on whether improving nutritional status is able to
reduce the occurrence of POP in aSAH patients undergoing
an operation.
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