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Abstract
Background: Readmission of patients to acute hospitals contributes significantly 
toward inefficient utilization of healthcare resources, with studies quoting up to 90% 
being preventable. We aim to report and analyze the factors involved in the readmission 
of neurosurgical patients who had been previously transferred to an intermediate 
step‑down care facility, and explore possible predictive markers for such readmissions.
Methods: We conducted a retrospective analysis of all 129 neurosurgical patients 
who were transferred from out acute tertiary hospital to an intermediate care facility. 
The cases were segregated into those who were readmitted and those who were 
not readmitted back to our acute center. The demographic data, clinical features, 
diagnoses, treatment modalities, pretransfer laboratory findings, and inpatient 
complications were compared with readmission rate.
Results: There were 23 patients (17.8%) who were readmitted to our acute hospital. 
The most common causes of readmission was infection (n = 12, 52.2%). We found 
a statistically significant correlation between the higher pretransfer procalcitonin 
levels with the readmission of our patients (P = 0.037). There was also a significant 
difference noted between ethnic groups (P = 0.026) and having no complications 
of disease or treatment (P = 0.008), with readmission.
Conclusion: Procalcitonin is a pro‑hormone known to correlate with infection and 
poor neurological status. We have found that its serum values correlate significantly 
with the readmission rates of neurosurgical patients in our study. We postulate that 
by ensuring normality in procalcitonin levels prior to transfer to an intermediate care 
facility, potentially half of neurosurgical readmissions can be prevented.
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INTRODUCTION

Neurosurgical patients make up a significant proportion 
of long‑term hospital inpatients in Singapore. They 
are admitted for a myriad of problems, ranging 
from intracranial hemorrhage to spinal injuries. It is 
well‑established that neurosurgical patients, especially 
those suffering from traumatic brain injuries, require 
long‑term care and rehabilitation.[8,20] These patients are 
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either discharged home or to intermediate care facilities 
for further rehabilitation after ensuring medical stability 
and a reasonable level of recovery.

Intermediate care is defined as health‑related care and 
service to individuals who do not require the degree 
of care that acute hospitals or skilled nursing facilities 
provide, but because of their physical or mental condition 
require care and services above the level of room and 
board.[29] This includes community hospitals and nursing 
homes.[23]

Among patients admitted into intermediate care, there 
is a fraction requiring single or multiple readmissions 
back into the acute hospital. This places an unnecessary 
burden on the healthcare system and increases healthcare 
costs, which is one of the main challenges of the 
healthcare system.[5]

Extensive studies into the American medical insurance 
system, “Medicare,” have put the impact of readmissions 
into perspective. Medicare studies have revealed a 19–22% 
readmission rate within 30  days, and up to 34% within 
90  days.[15,16] The Center of Medicare and Medicaid 
Service estimates 90% of readmissions were preventable 
and this is translatable to 20% or $17 billion of Medicare’s 
pay out to hospitals.[7] These statistics characterize not 
only financial deficits, but the unquantifiable losses for 
the limited healthcare resources that could have been 
directed to the treatment of new acute cases. In the 
pursuit of healthcare resource optimization, we should 
ideally aim to reduce preventable and unnecessary 
readmissions.

In our literature review, there were few articles describing 
predictive markers for readmission. In a study of 
colorectal patients, factors identified to be associated with 
readmissions included the female gender, prednisolone 
use, long operative duration, major postoperative 
complications, and surgical site infections.[17] In other 
studies done for heart failure patients, it was shown that 
persistent hyponatremia, predischarge N‑terminal brain 
natriuretic peptide, and fluid balance were significant 
predictive markers for readmission.[4,12,24] To the best 
of our knowledge, our paper represents a novel study 
targeted specifically at neurosurgical patients, identifying 
predictive markers including laboratory results such as 
serum procalcitonin.

Procalcitonin, composing of 116 amino acids, is a 
peptide precursor of the hormone calcitonin. It is 
produced by the parafollicular cells of the thyroid 
and neuroendocrine cells of the lungs and intestines. 
Procalcitonin has been found in many studies 
to be elevated in patients with sepsis and severe 
infections,[1‑3,22,25] while remaining at normal levels with 
noninfectious stimuli,[21] with concentrations closely 
associated with the severity of the bacterial infection. 

Healthy patients have procalcitonin levels below 0.1 ng/
ml, while patients with severe bacterial infections 
have levels above 0.5  ng/ml.[1,9] It is however, less 
useful as a prognostic marker for outcome following 
infections.[11] Serum procalcitonin has also been found 
to be a useful marker in differentiating bacterial and 
viral meningitis[11,26,30] with good sensitivities and 
specificities. However, differentiating ventriculitis and 
bacterial meningitis in Intensive Care Unit patients with 
shunts and ventriculoperitoneal shunt infections have 
been less promising.[19,28] Studies have also shown that 
there is a strong link between poor neurological outcome 
and high serum procalcitonin levels in postcardiac arrest 
patients.[10,14] This was postulated to be the result of an 
acute phase response to hypoxia as these levels were 
taken from patients who did not exhibit features of 
systemic inflammatory response syndrome or sepsis.

We aim to report and analyze the factors involved in 
the readmission of neurosurgical patients over a 2½‑year 
period, and to explore possible predictive markers for 
readmission in an attempt to prevent or decrease the 
incidence of readmissions.

MATERIALS AND METHODS

Institutional review board approval was obtained from 
the National Health Group  Domain Specific Review 
Board. We retrospectively analyzed all 129  case records 
of consecutive neurosurgical patients transferred to 
the intermediate care facility from the Department 
of Neurosurgery, National Neuroscience Institute, Tan 
Tock Seng Hospital campus, a 1200‑bed acute tertiary 
hospital in Singapore, between the August 5, 2008 and 
May 28, 2011. The patients in the study were stratified 
into those who were discharged from intermediate care 
to either home or other long‑term care facilities such as 
nursing homes, and those who required readmission from 
the intermediate care facility back to our acute tertiary 
hospital. In patients requiring multiple readmissions, only 
data obtained from the first readmission was used for 
analysis.

Demographic data collected from our patients include 
age at presentation, gender, ethnicity, previous cerebral, 
and vascular comorbidities  (such as strokes, diabetes 
mellitus, hypertension, and hyperlipidemia), as well 
as premorbid status including ambulatory ability. The 
relevant clinical findings, laboratory results, diagnoses, 
and treatment underwent by the patient  (conservative 
vs. surgical) were also collected. Clinical findings 
consist of vital signs and determinants of neurological 
status on admission, which comprised of the Glasgow 
Coma Scale  (GCS) score and clinical manifestations of 
neurological deficits. Neurological deficits include, but 
are not limited to, weakness, sensory loss, and pupillary 
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dilatation. Pretransfer laboratory results collected 
include full blood count, renal panel, C‑reactive protein, 
procalcitonin, and albumin.

We also analyzed the complications were developed in 
patient such as infection and seizures. The duration of 
stay in the acute tertiary hospital and intermediate care 
facility was respectively analyzed and correlated with the 
incidence of readmission.

We used the following criteria to determine suitability for 
patient’s transfer to the intermediate care facility: Stable 
vital parameters, afebrile for  ≥24  h, and no further 
indication for neurosurgical or medical intervention as 
determined by the managing neurosurgeon.

All data were entered into a computerized database 
system for descriptive analysis, and analyzed with IBM 
SPSS Statistics (version 19, IBM Corp., New York, USA). 
Statistical tests used were Student’s t‑test, Pearson 
Chi‑square goodness‑of‑fit test, and Fisher’s exact test 
when deemed appropriate. Post‑hoc analysis was used to 
compare adjusted standardized residuals to the cut‑off of 
2, for associations between ethnicity and readmissions. 
A  P  <  0.05 was considered to indicate statistical 
significance.

RESULTS

Our study included 129 neurosurgical patients 
transferred from our acute tertiary center. There were 
75  males  (58.1%) and 54  females  (41.9%). The majority 
of the patients were Chinese  (n = 100, 77.5%), followed 
by Malay (n = 16, 12.4%). The mean age of neurosurgical 
patients that was transferred was 65.1  years, and most 
patients were ≥65 years old (n = 70, 54.2%).

Of the 129  patients studied, 106  patients  (82.2%) did 
not require readmission, and 23 patients (17.8%) required 
readmission. The detailed demographic profile of our 
patients stratified into the two populations is listed in 
Table 1.

We found a statistically significant correlation between 
ethnicity and requirement of readmission  (P  =  0.026) 
using the Pearson Chi‑square test. Using post‑hoc 
analysis, we observed that there were fewer than 
expected readmissions in Chinese subjected  (adjusted 
residual = −2.1). Correlation between patients with 
prior extracranial malignancies and readmission rates 
approached significance (P = 0.054). However, there were 
no significant correlations noted between readmission back 
to our acute tertiary center and the other demographic 
factors such as age, premorbid ambulatory status, and the 
presence of significant comorbidities. There was also no 
significant correlation between readmission rates and the 
length of stay in our acute hospital  (P = 0.347) and our 
intermediate care facility  (P = 0.093). Vitals signs, GCS, 
and neurological deficits on the admission of patients 
who were not readmitted were not appreciably different 
from those who were readmitted.

We found a significant correlation between high 
pretransfer procalcitonin levels and readmission 
rates  (P  =  0.037). There were otherwise no other 
laboratory markers that correlated significantly with 
readmission rates. Pretransfer biochemical markers 
stratified by the presence of readmission are presented in 
Table 2.

Patients with no complications were less likely to be 
readmitted  (P  =  0.008). There were no significant 
differences noted in treatment modalities compared 
with rates of readmission. Treatment that the patients 
underwent and the types of inpatient complications are 
detailed in Table 3.

Of the 23  patients that were readmitted, approximately 
half were due to infective causes  (n  =  12, 52.5%) such 
as urinary tract infection, pneumonia, and surgical wound 
infections. The remaining etiologies for readmissions 
were divided into neurological etiologies  (n  =  6, 26.1%) 
and nonneurological etiologies (n = 5, 21.7%). The list of 
reasons for readmission is detailed in Table 4.

Table 1: Patient factors

Factors No readmission Readmission Total P

Number of patients (n, %) 106 (82.2) 23 (17.8) 129 (100)
Demographics

Age 65.6 62.7 0.428
Age group

<65 46 (43.4) 13 (56.5) 59 (45.7) 0.252
≥65 60 (56.6) 10 (43.5) 70 (54.3)

Race
Chinese 86 (81.1) 14 (60.9) 100 (77.5) 0.026
Malay 12 (11.3) 4 (17.4) 16 (12.4)
Indian 5 (4.7) 5 (21.7) 10 (7.8)
Others 3 (2.8) 0 (0.0) 3 (2.3)

Gender

Contd...
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Table 1: Contd...

Factors No readmission Readmission Total P

Male 58 (54.7) 17 (73.9) 75 (58.1) 0.091
Female 48 (45.3) 6 (26.1) 54 (41.9)

Premorbid status
Comorbidities

None 31 (29.2) 3 (13.0) 34 (26.4) 0.086
Vascular risk factors (DM, HTN, HLP) 72 (67.9) 17 (73.9) 89 (69.0) 0.574
Cerebrovascular disease (previous stroke or TIA) 31 (29.2) 8 (34.8) 39 (30.2) 0.600
Dementia/cognitive decline 13 (12.3) 2 (8.7) 15 (11.6) 0.475
Epilepsy 5 (4.7) 0 (0.0) 5 (3.9) 0.368
Respiratory disease (COPD, asthma) 33 (31.1) 5 (21.7) 38 (29.5) 0.265
Intracranial malignancy 2 (1.9) 0 (0.0) 2 (1.6) 0.674
Extracranial malignancy 14 (31.2) 0 (0.0) 14 (10.9) 0.054

Ambulation status
Community ambulant 70 (80.5) 19 (82.6) 89 (80.9) 0.540
Home/wheelchair/bedbound 17 (19.5) 4 (17.4) 21 (19.1)

Hospital stay
Mean acute hospital stay (n, SD) 32.9 (±34.3) 48.4 (±101.3) 0.347
Acute hospital stay
≤30 days 70 (66.0) 16 (69.6) 76 (66.7) 0.745
>30 days 36 (34.0) 7 (30.4) 43 (33.3)

Mean intermediate care stay (n, SD) 22.5 (±30.5) 29.3 (24.5) 0.387
Intermediate cares stay
≤30 days 86 (81.1) 15 (65.2) 101 (78.3) 0.093
>30 days 20 (19.9) 8 (34.2) 28 (21.7)

Admission statistics
Vital parameters (n, SD)

Systolic blood pressure 154.2 (±34.2) 160 (±49.8) 0.642
Diastolic blood pressure 80.4 (±18.6) 83.4 (25.4) 0.629
Pulse rate 82.9 (±17.6) 84.6 (±26.6) 0.707
Temperature 36.9 (±0.63) 37.1 (±1.06) 0.485
Respiratory rate 17.3 (±1.35) 17.1 (±1.01) 0.566

Glasgow coma scale (n, SD)
Eye 3.43 (±1.08) 3.10 (±1.42) 0.258
Verbal 3.80 (±1.70) 3.10 (±1.99) 0.096
Motor 5.40 (±1.29) 4.80 (±2.11) 0.086
Total 12.4 (±3.90) 11.0 (±4.84) 0.141

Neurological deficit
Stroke 59 (55.7) 12 (52.2) 71 (55.0) 0.761
Head injury 20 (18.9) 7 (30.4) 27 (20.9) 0.216
Space occupying lesions 11 (10.4) 3 (13.0) 14 (10.9) 0.473
Spine 9 (8.5) 0 (0.0) 9 (7.0) 0.160
Infection 3 (2.8) 1 (4.3) 4 (3.1) 0.549
Others 4 (3.8) 0 (0.0) 4 (3.1) 0.290

DM: Diabetes mellitus, HTN: Hypertension, HLP: Hyperlipidemia, SD: Standard deviation, TIA: Transient ischemic attack, COPD: Chronic obstructive pulmonary disease

DISCUSSION

Our study showed a statistically significant correlation 
between elevated pretransfer procalcitonin levels and 
incidence of readmission (P = 0.037). Other factors such 
as patient’s age, premorbid status, neurological status 

on admission, and length of stay were not shown to be 
significantly associated with readmissions.

We propose that procalcitonin levels correlate directly 
and indirectly with infective complications, which make 
up the majority of readmissions (52.2%).
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Serum procalcitonin has been shown to be a useful 
biomarker for early diagnosis of sepsis. We postulate that 
the direct link between procalcitonin and readmissions 
is due to it directly identifying patients harboring 
possible subclinical infections prior to transfer. These 
may manifest in the later phases of rehabilitation at the 
intermediate care facility, leading to readmissions.

High serum procalcitonin is predictive of a poor 
neurological outcome in postcardiac arrest patients who 
were not septic. This is possibly due to the inflammatory 
response to hypoxia suffered. Immobility is a major risk 
factor for infective complications such as pneumonia, bed 
sores, and urinary tract infections.[6,13,18,27] With this, we 
propose the indirect connection with raised procalcitonin 
associated with poor neurological outcomes leading to 
immobility and its subsequent infective sequelae.

It is, however, important to note that procalcitonin serves 
only as a screening blood test. We therefore recommend 
that patients with raised serum procalcitonin should 

be carefully assessed clinically for symptoms and signs 
of infection, followed by further investigations as 
appropriate. Serial serum procalcitonin should also be 
monitored to ensure a downward trend or the return 
to normalcy prior to transfer to an intermediate care 
facility.

We initially expected other factors to be associated with 
readmissions. These included age, premorbid ambulatory 
status, GCS on admission, and length of stay in the 
intermediate care facility. We suggest that the effects 
of these other factors may have been diluted due to 
the relatively long stay in both groups of patients, at an 
average of 32.9 and 48.4  days in the patients without 
readmission and patients with readmission, respectively. 
We postulate that beyond a certain length of stay, the 
infective risks among both patient groups have possibly 
equalized due to the prolonged exposure with nosocomial 
pathogens.

The limitation of this study lies mainly in its 
retrospective nature, and the relatively smaller sample 
size obtained from a single tertiary center. The results 
should be corroborated with large multi‑center studies. 
Further prospective studies would also aid to confirm our 
findings.

CONCLUSIONS

Readmission of patients leads to inefficient healthcare 
spending. This study helps to provide insight on the 
possible predictive factors resulting in neurosurgical 
readmissions. By reducing the incidence of readmissions, 
we are better able to optimize the allocation of our 
limited healthcare resources, in a cost‑effective manner.

Table 2: Pretransfer biochemical results

Factors No readmission Readmission P

Values (mean, SD) (%) 106 (82.2) 23 (17.8)
Hemoglobin 12.1 (±1.76) 12.4 (±1.73) 0.561
Total white count 9.17 (±3.70) 9.90 (±2.19) 0.492
Platelet 285.0 (±112.4) 340.0 (±88.4) 0.069
Sodium 136.7 (±3.05) 137.1 (±3.36) 0.633
Creatinine 70.5 (±34.0) 101.9 (±131.6) 0.391
C‑reactive protein 44.0 (±63.9) 45.9 (±139.0) 0.935
Procalcitonin 1.48 (±7.83) 9.89 (±29.2) 0.037
Albumin 30.7 (±5.47) 26.8 (±1.53) 0.159
SD: Standard deviation

Table 3: Patient management and complications

Factors No readmission Readmission Total P

Number of patients (n, %) 106 (82.2) 23 (17.8)
Management

Conservative 68 (64.2) 11 (47.8) 79 (61.2) 0.145
Surgical 38 (35.8) 12 (52.2) 50 (38.8)

Complications
None 60 (56.6) 6 (26.1) 66 (51.2) 0.008
Neurological complications

Central fever 6 (5.7) 1 (4.3) 7 (5.4) 0.636
Syndrome of inappropriate anti‑diuretic hormone 5 (4.7) 0 (0.0) 5 (3.9) 0.368
Rebleeding 4 (3.8) 1 (4.3) 5 (3.9) 0.632
Seizure 3 (2.8) 0 (0.0) 3 (2.3) 0.552
Infection 2 (1.9) 2 (8.7) 4 (3.1) 0.146
Hydrocephalus 5 (4.7) 2 (8.7) 7 (5.4) 0.364

Nonneurological complications
Urinary tract infection 23 (21.9) 3 (13.0) 26 (20.3) 0.259
Pneumonia 10 (9.4) 4 (17.4) 14 (10.9) 0.220
Surgical site infection 2 (1.9) 0 (0.0) 2 (1.6) 0.674
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Despite its retrospective nature, the data of the study 
were obtained over a relatively long 2½‑year period, and 
the results of this study add to our knowledge the role 
of serum procalcitonin in readmissions in neurosurgical 
patients.
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Table 4: Causes of readmission

Causes Numbers (%)

Infective 12 (52.2)
Pneumonia 4 (17.4)
Bedsore 3 (13.0)
Urinary tract infection 3 (13.0)
Surgical wound infection 1 (4.3)
Diarrhea 1 (4.3)

Neurological 6 (26.1)
Stroke 4 (17.4)
Syndrome of inappropriate anti‑diuretic hormone 2 (8.7)

Nonneurological 5 (21.7)
Hematochezia 3 (13.0)
Fall 1 (4.3)
Acute coronary event 1 (4.3)


